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Our system of teaching Practical Mechanics at the 
Finsbury Technical College involves — first, two lectures ; 
secondly, two hours' numerical exercise work to illustrate 
the lectures ; and thirdly, three hours' mechanical labor- 
atory work, per week. Mr. Blaine has, in this book, 
gathered together the best of the numerical examples 
set by him and ^worked out during the last few years by 
students in our exercise classes, and they may be taken 
as illustrating, not merely my lectures, but my book 



^ J on " Practical Mechanics," and Prof. Unwin'9 book on 

" Machine Design." 
^ It will be observed that they are all of a much more 

"^ practical character, that is, they are more calculated to 

^ educate the practical mechanical engineer than the ex- 

< amples usually to be met with in books on Mechanics. 

^'•^ The writers of ordinary books on Mechanics are un- 

c^ fortunately writing text-books or cram-books to be 

used in preparing for certain examinations ; the curious 
numerical examples given have really very little to do 
with the subject of Mechanics, but they illustrate very 
well the occult phenomena described by their authors. 

It is perfectly well known that the sort of know- 
ledge which such authors try to give is treated with a 
certain amount of contempt by all practical engineers. 
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Self-conceit and real ignorance are supposed to be the 
characteristics of their most energetic readers. 

The teaching power of tliis collection of examples 
has already been well tried. Students who have gone 
through them show that they have obtained a real 
vx>rking knowledge of the application of the principles of 
Mechanics to Engineering and Machine Design, and that 
their knowledge is always ready for use. Each exercise 
fixes firmly in the mind of the student the fact that a 
certain principle is of importance outside examination 
rooms. He is not tempted to calculate in cases where 
actual experimental trial and observation will show him 
the best solution of a problem,, and when he works out 
an answer which every practical illiterate mechanic 
knows to be ten times too great, he will not compla- 
cently rest satisfied with this absurd answer and talk 
about its being " theoretically " right. 

JOHN PERRY. 

10, Penyweim Roadj 

ith March, 1888. 



PREFACE TO SECOND EDITION. 

The book has been to a large extent re-written, and 
much additional matter has been introduced. 

Of the latter it is hoped that the Lessons on Spiral 
and other Springs — which contain matter never, so far 
as I am aware, before published, — on Hydraulic and 
Electric problems connected with the Transmission of 
Power, and on Thermodynamics, will prove of special 
interest. The addition of fairly complete tables of 
" Moduli of Elasticity," " Ultimate Stresses," " Strength 
Moduli of Sections," &c., will supply the data necessary 
for working out any ordinary question connected with 
the subject. 

In order to add to the completeness of each Lesson, 
and for convenience of reference, the answers to each set 
of Examples are placed at the end of the Lesson. The 
explanations and proofs have been given with as much 
clearness as possible, but in order to keep the book of a 
handy size the proofs are necessarily somewhat con- 
densed. An attempt has been made to bring the^ book 
up to date, hence, whilst the ordinary British units are 
retained, considerable space has been devoted to an 
explanation of the Metric System, and examples have 
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been added for practice in converting from one system 
to the other. 

Great care has been taken to approximate to accuracy 
in the answers, and I hereby tender my hearty thanks to 
those colleagues and students who have assisted me in 
this somewhat arduous part of the work. 

The book embodies the results of many years' ex- 
perience in teaching this subject, and I hope that in 
this newer and more complete form it may prove still 

more widely useful. 

ROBERT GORDON BLAINE. 



2, Addison Boad^ WamMead^ \E8sex, 
August 6th, 1893. 
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ELEMENTAKY LESSONS, 

WITH 

NUMERICAL EXAMPLES, 

IN 

PRACTICAL MECHANICS AND 
MACHINE DESIGN. 



LESSON I. 

SUMMATION OP VECTOR QUANTITIES. 

Any quantity which is completely specified when its 
magnitude, direction, and sense or sign are given, is 
called a vector quantity. Such a quantity can be repre- 
sented completely by a straight line, the length of the 
line representing the magnitude of the quantity, the 
direction of the line its parallelism, and an arrow-head 
on the line, or the sequence of two letters placed one at 
each end of the line, the third constituent to which the 
name sense has been given. 

Quantities which require to be specified only in so 
far as regards their magnitudes can be represented by 
mere numbers, each with proper sign, and are called 
scalar quantities. Forces, velocities, accelerations, 
inductions, etc., are examples of vector quantities, whilst 
masses, volumes, capacities, etc., belong to the latter 
class. 

The sum, or resultant, of any number of forces, or 
other vector quantities, acting at a point and in one 
plane, may be found graphically by drawing a polygon, 
the sides of which are straight lines parallel and pro- 
portional respectively to the forces^ each side having an 

B 
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arrow-head to denote the setise of the force which it 
represents, and these arrow-heads pointing concurrently 
round the figure. If the figure is closed, the forces are in 
equilibrium ; if not, the closing side represents the sum 
or resultant required. If its arrow-head is concurrent 
with the others, it represents the equilibranty and when 
reversed it represents the resultant of the other vectors. 
This is the easiest and best ])ractical method of summing 
vectors. If the drawing is carefully done to a large 
scale, the result will probably be as accui-ate as the data 

from which, in 
practice, that re- 
sult is obtained. 

If there are 
only two forces, 
they may be re- 
presented by the 
adjacent sides of a 
parallelogram, the 
diagonal of which 
will represent the 
resultant. The 
forces must be ar- 
ranged to act both 
away from or both 
towards the point 
before the paral- 
lelogram is constructed. If P and Q are two forces 
arranged in this way, 6 the angle between them, and R 
their resultant, it is easy to show that R2== p2 ^ Q2 ^ 2PQ 
cos Q. 

Except it is desirable to represent the resultant 
directly in position^ a triangle is preferable to a 
parallelogram, the conditions being then the same as for 
a polygon. 

It should be observed that in drawing the polygon 
the forces may be taken in any order, so long as each 
side of the polygon represents a particular force, and the 
arrow-heads point concurrently round the sides of the 
figure. Thus, in finding the resultant of the forces shown 
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m Fig. 1, they may be selected in such order as to give 
a polygon of the usual regular shape, or the polygon may 
be drawn as shown in Fig. 2. 




Jig. s 

There is anotiier method of solving such 
questions, generally called the analytical method, 
which can, perhaps, be best illustrated to the be- 
ginner in 
the follow- 
ing way : — 
Let P T, 
P S, P R, 
P Q (Fig. 
3), be drawn 
to represent 
to scale 
forces of 3, 
6, 7, and 8 
units acting 
at the point 
- P. If these 
Fig. 8. lines are 
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projected on two rectangular axes, O X and O Y, and 
if the algebraic sum of the horizontal projections be 
taken to form one side of a rectangle of which an ad- 
jacent side is the algebraic sum of the vei-tical projec- 
tions of the same lines, then the 
diagonal of this rectangle repre- 
PI . sents the resultant sought. This 

is shown in Fig. 4, where N M 
is equal toAB + AC — AD — AJ (Fig. 3), and N L 
is equal toEH-fEK — EF — EG. 

The horizontal and vertical projections referred to 
represent, respectively, the horizontal and vertical co7}i- 
ponents of the given forces, and these components ai-e 
usually found, not as here indicated, by actually drawing 
the projections, but by calculating them. It is probably 
well known to the student that each horizontal projection 
is equal to the length projected multiplied by the cosine 
of the angle that length or line makes with the horizontal 
axis, the vertical projection being found by multiplying 
by the sine of the same angle. The following question, 
fully worked out, will illustrate the method : — 

Eocample, — Find the equilibrant of the forces repre- 
sented in Fig. 5. 

Let any force be denoted by F, and the acute angle 
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5 



it makes with the horizontal by a. Let any horizontal 
component acting from left to right be considered 
positive, and any vertical component acting upwards 
also positive, those acting in the opposite directions being 



negative. 



The following are the horizontal and vertical com- 
ponents : — 



F cos a. 



F sin a. 



20 



'""^ ^2 


10 X \ 

v/2 


12 X ^~' 
2 


12 xi 


- 10 X i 


- 10 X ^^ 
2 


S F C08 a — 11-68. 


2 F sin o =: 4-41. 



By Euclid I. 47 the equilibrant or resultant 

= >/ (2 F cos a)*-* + (2 F sin a)^ 

= -v/ (11-68)2 _|. (4.41)2 

= -/ 136-42 + 19^ . 

= 12-80 lb. 

Tlie angle this equilibrant makes with the horizontal* 
is the angle whose tangent is (Fig. 6) 



2 F sina 
== say. 

2 F cos a 
. • . e = 19^ 1' nearly. 



Faina^^ 




^Fcoa a 

Pig. 6. 



It should be noted that the symbol S means " the 
sum of all such terms as." 

The equilibrant is represented by the diagonal of the 
rectangle in Fig. 6. 

From the preceding it will readily be seen that the 
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condition of equilibrium of any number of forces or 
similar vector quantities acting at a point is {graphically) 
that the force polygon shall be closed, or {analytically) 
that the sum of the horizontal components shall be zero, 
and also. that the sum of the vertical components shall be 
zero. If the forces do not act in one plane, the " graphic " 
condition still holds, but the sides of the j)olygon do not 
lie in one plane, and it is then called a gaucJie polygon. 




Fig. 7. 

The forces projected on two planes at right angles to 
each other give a similar condition to that already 
stated, referred to those planes. 

Forces acting in one plane, but not at one point, re- 
quire the further " graphic " condition that the link poly- 
gon shall also be closed, or the further " analytical " con- 
dition that the sum of the moments of the forces about 
any assigned point shall be zero. These terms will be 
explained in a lat«r lesson. 
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Numerical Examples. 

1. A ship sails through the water at a uniform rate of 

20 miles an hour, and a ball rolls across the deck at 
the same rate in a direction at right angles to the 
ship's course. Find the velocity of the ball rela- 
tive to the water. 

2. The wind blows from the north-east with a velocity 

of 20 miles an hour. Find the northerly and east- 
erly components of its velocity. 

3. A force of 100 lb.* acts at an angle of 60^ to the 

horizontal. Resolve it 
into a vertical and a 
horizontal component. 

4. Two equal pulls, each 

of 8 lb., act at a point. 
Find the angle be- 
tween them if their 
resultant is 1 2 lb. 

5. Two forces act at a 

point and away from 
it; they are in the 
ratio of 3:4, and 
their resultant is a 
mean proportional be- 
tween them. Find the 
angle between their 
directions. 

6. Forces of 2, 3, and 

a/ 6 units are in 
equilibrium at a point. 
Find the angle be- 
tween the directions of 2 and 3, the forces all acting 
towards the point. 

7. Find the resultant of velocities of 4, 5, and 6 feet 

per second acting at a point and towards it, the 
angles between 4 and 5 and between 5 and 6 being 
each 60°. 

* For convenience the expression here and elsewhere employed is 
used instead of the more exact formula, "A force equal to the weight 
of 100 pounds, " etc 




'60 
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8. Find completely the resultant of the 7 forces repre- 

sented in Fig. 7. 

9. Find completely the equilibrant of the 6 forces repre- 

sented in Fig. 8. 



ANSWERS. 

1. 28'28 miles an hour. 2. 14'14 miles an hour each. 

3. 86-6 and 50 lb. respectively. 4. 82'* 49^. 

5. The angle whose cosine is — ^|. 

6. The angle whose cosine is — -Jj. 

7. Resultant = 10-15, and acts at an angle of — 9° 60' with the 

direction of 5. 

8. The resultant is shown in Fig. 9. 

9. The equilibrant is shown in Fig. 10. 




Fig. 9. Fig. 10. 



LESSON II. 

THE USE OF SQUARED PAPER. 

When an experimenter has obtained numerical values 
of two quantities which are connected in such a way 
that any change in one is accompanied by a correspond- 
ing change of some kind in the other, his next care is 
generally to find out what the law of dependence of the one 
quantity on the other is, and to express that law in some 
way. Nowadays the connection or law is usually shown 
graphically by a curve drawn on squared paper. This 
has all the advantages of exhibiting to the eye a map or 
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picture of tlic law of variation ; the risk of serious error 
in getting out the law is reduced, errors of observation 
are to a great extent eliminated, and last, but not least 
—as a recent writer* puts it — "the student in drawing 
the curve is constantly on a voyage of discovery, and has 



Fig-IL 

all the stiniulus and pleasure of an original investi- 
gation," 

A sheet of squared paper may be bought for a half- 
penny or less ; it is crossed by a large number of eqni- 

• Dr. Wormell on " Plotting." 
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distant lines at right angles to each other, thus covering 
the paper with little squares. Usually every tenth line, 
both vertically and horizontally, is of a different colour 
from the rest, merely for the purpose of preventing 
confusion, and enabling the number of lines or squares 
to be readily reckoned. The lowest horizontal line on 
the paper is usually taken as one aa^is or line of 
reference, and the vertical line neai*est the left-hand 
side of the paper as the other axis, except in the case 
of complicated curves, when the axes should be in the 
middle of the sheet. Distances along the horizontal axis 
represent values of one quaniity, whilst distances along 
the vertical axis represent values of the other quantity, 
or variable plotted ; these distances are measured by the 
number of little squares from the origin or point where 
the two axes intersect. Each little square may represent 
one or more units of the quantity, according to the scale 
to which the diagram is to be drawn. The distances, or 
quantities represented, go in pairs, each pair intersecting 
in a point of which those distances are called the co- 
ordinates, and for distinction the vertical one is usually 
called the ordinate of the point — denoted by the letter y 
— the horizontal distance, its abscissa, denoted by the 
letter x. When a number of pairs of values are thus 
plotted, a number of points are obtained, which when 
joined by a curve give the picture or trace of the law 
sought. Quite different scales may be adopted for the 
horizontal and vertical measurements, i.e., the horizontal 
scale may be different from the vertical one. 

Of course in plotting two definite quantities like the 
friction and load of a machine, the co-ordinates have 
definite meanings, and the symbols x and y are not 
required. The student will best grasp the meaning of 
these statements by going carefully through a few 
examples. Thus, plot the points whose abscissae and 
ordinates are respectively (2, 3), (6, 9), (12, 18), (20, 
30). 

The points are shown plotted and joined by a straight 
line — the lower line in Fig. 11. It is evident that the 
law is in this case a very simple one, being y = ^x. 
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This is an example of the simplest of all curves — a curve 

of the first degree — and passing through the origin. 

The student should now plot the curves representing 

the following laws : — 

(l)y = 10. (3)y=:ar. 

(2) X == 26. (4) y=z2x ■{■ b. 

(5) X = Uy\ 

The best method to adopt is to tabulate in two 
columns corresponding values of x and y, found by giving 
to one of the variables — say y — any value, and finding 
the corresponding value of the other variable from the 
equation. The pairs of values thus obtained can then be 
plotted. The curve agreeing with (4) is shown by the 
dotted line in Fig. 11. 

To find the law of such a line which has been 
obtained, say, by plotting experimental results. Take 
the upper curve in Fig. 1 1 as an example. The general 
law of such a curve iAy •= a x -^ h ; a and h being 
numbers or constants, the first depending on the slope 
of the line, the last on the intercept it makes on the 
vertical axis. 

To find a and h in this case. At one point on the 
line a; = 3 and y = 11, at another point x = 20, 
y = 45. 

Putting these values into the general law we get 

11 = a X 3 + * 
45 = rt X 20 + * 

subtracting, we get 

34 = a X 17 or a = 2. 

The value of a makes the first equation read 

llz=6 + d or h = b; 
hence the law is 

y = 2x -{- b. 

If y represented friction and x represented load, the law 

would be T^ . .. « , , . 

Fnction = 2 x load -f 5. 

Exercises. — Plot the curves whose laws are given 



below : — 




(1) x^ + y' 16. 


(3)y — 3a:3. 


(2)a?a-y2 ± lOO. 

\ 


(4) y - ar. 
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Plot the curves showing the relation of the following 
numbers : — 

5. The Compound Interest Law. — (Interest added 
every instant.) 

Table showing the Amount of £100 Invested for n Years 

AT 5°/q Compound Interest. 



No. 


of years = n. 


Amoant, A, = 
principal + interest 


No. of years = n. 


Amount, A« = 
principal + interest 




1 


105-2 


8 


149-1 




2 


110-5 


9 


156-8 




3 


116-1 


10 


164-8 




4 


122-1 


11 


173-3 




5 


128-4 


12 


182-3 




6 


135 


13 


191-5 




7 


141-9 


14 


201-4 



6. The Characteristic Curve op a Dynamo 
Machine. — The following results were obtained by 
experimenting with a small dynamo, having a gramme 
armature and being " series " wound. They show the 
way in which the total E.M.F. of the machine varies with 
the current that it gives out. Mean speed = 1843 
revolutions per minute. 



Total E.M.F. 


Current. 


TotcU E.M.F. 


CuiTent. 


volts. 


amperes. 


1 

8-44 volts. 


11-25 amperes. 


1 05 „ 


•75 „ 


8-907 „ 


12-00 „ 


2-614 „ 


2-25 „ 


9-366 „ 


13-5 


4-196 „ 


3-75 „ 


1012 „ 


15-75 „ 


5-376 „ 


5 -25 „ 


I 10-754 „ 


18-00 „ 


6-35 „ 


6-75 „ 


1 11-21 „ 


20-25 „ 


7-14 „ 


8-25 „ 


i 11-382 „ 


22-5 „ 


7-812 „ 


9-75 „ 







The above when plotted will give the characteristic 
curve of the machine. 
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LESSON III. 

WORK, ENERGY, ETC. 

The British Engineer's unit of energy is the foot- 
pound — i.e.y the work necessary to raise one pound one 
foot high in London. The measure of a force in pounds, 
multiplied by the distance in feet through which it acts, 
gives the work done hy the force in foot-pounds. For 
other units of force, etc., see page 41. 

The ** law of work " is simply this — that if we give 
20 foot-pounds of energy to a machine, and there is no 
waste and no storage of energy, 20 foot-pounds, and ^neither 
more rwr less^ will be obtained from the machine. This is 
another way of putting the law known as the " con- 
servation of energy," which states that " if a foot-pound 
of energy makes its appearance in any shape, one foot- 
pound at least in the same or some other form must have 
disappeared." This law directly affirms the impossibility 
of a " perpetual motion." The following example will 
explain the method of calculating amounts of work done, 
or of energy stored. 

Example. — Find the work done in one minute by the 
steam on the piston of a steam-engine, the steam -pressure 
being supposed constant in the cylinder, and the area of 
the piston exposed to the steam-pressure the same on both 
sides. 

The diameter of the piston is 12 inches, length of 
crank 12 inches, steam-pressure 40 lb, per square inch, 
speed 96 revolutions per minute. 

Total pressure on piston = •7854 x 12^ x 40 lb.* 

Distance in feet travelled by the piston in one minute =z 4 x 96 feet. 

Work done per minute =: force x distance = '7864 x 12^ x 40 x 4 

X 96 = 1,738,000 ft.-lb. 

Num^erical Examples, 

1. How many units of work are expended in raising 
1 cwt. from a depth of 60 fathoms ? (1 fathom =6 ft.) 

* The. area of a circle is '7854 times the square of its diameter, or 
31410 times the square of its radius. 
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2. How many units of work must be expended in raising 

the materials for building a solid column of brick- 
work 100 feet high and 14 feet square? One cubic 
foot of brickwork weighs 112 lb. 

3. How many units of work are spent in filling a tank 

with water; the tank measures 12 feet x 6 feet x 
2^ feet, the water has to be lifted an average dist- 
ance of 20 feet, and a cubic foot of water weighs 
about 62-4 lb. 1 

4. Given that a man walking, and pushing or pulling, 

can do 3,130 foot-pounds of work in one minute, 
how many men would be required to raise — by 
means of a capstan — an anchor weighing 2 tons 
from a depth of 28 fathoms in 15 minutes, the 
friction of the machinery being neglected 1 

5. The mean section of a stream is 8 feet x 2 feet ; its 

mean velocity 2 miles per hour ; there is a fall of 
12 feet on this stream. Find the number of foot- 
pounds of energy wasted per minute at this fall. 

RATE OF PLOW. 
Important Hint.— Quantity = cross-sectional area X velocity. 
This is an absolute rule, and any units may be employed ; but if 
square feet and feet per second are used in the right-hand side, 
the result will be in cubic feet per second. This is evident if we 
write the rule Q = A V. Let the units be as above, then 

Q = A (ft.2) V (—^ = A V i51' 

Vsec./ sec. 

a numerical quantity equal to the product of the numbers repre- 
senting A and V respectively, the unit being one cubic foot per 

second ( — *- ). 
\ sec. / 

The student should make himself familiar with this rational 
method of treating formulee, for the introduction of which we owe 
80 much to Professors Oliver and A. Lodge. The method is, 
of course, applicable to any absolute formula given in this book, the 
units chosen being simply those most convenient for practical work. 

See appendix to " Syllabus of Elementary Dynamics," by the 
Association for the Improvement of Geometrical Teaching. 
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1. 40,320. 2. 109,760,000. 3. 224,640. 

4. 16 men, 6. 2,108,621 ft.-lb. 
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LESSON IV. 

VELOCITY RATIO AND MECHANICAL ADVANTAGE. 

If, by means of a machine, a force F be able to I'aise 
steadily a load W, the ratio of W to P is called the 
"mechanical advantage" or force ratio of the machine. 
It ia not constant, and can only be determined accurately 
by experiment. If, however, we imagine the machine 
neither to waste nor store energy, then it is evident that 
if the ratio of the velocities of P and Wisrtol, P xr 
muat be equal to W x 1 j the force ratio of the machine 



Fig. IS. 

is therefore r to 1, or W is fo P inversely as their 
velocities. If the velocity ratio of a machine is the i-atio 
of the velocity of P to that of W, the hypothetical 
mechanical advantage of a machine is equal to its 
velocity ratio. The study of this " hypothetical " 
advantage ia not of much practical importance, though 
usually taken up at length in the text-books. A state- 



WnMERlCAL EXAMPLES 



nient of the results obtained for some simple machlDea 
will be sufficient. 

There are, however, two cases which are not usually 
taken up, to which a reference may not be out of place here. 



Fig. 12 ahours a screw-jack in which the handle H is 
not applied directly to the screw M, as is usually the 
case, but to a screw or worm S which works into a 
worm-wheel formed on the outside of the nut N of the 
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jack. N is prevented from moving axially in the direction 
of the screw M, and hence when N is turned once round 
the screw M advances by a distance equal to its pitch. 

In the ordinary screw-jack this happens when the 
handle is turned once round; but here the handle has to 
be turned T times if there are T teeth on the worm- 
wheel. The velocity ratio is thus T times that of tht» 
ordinary jack of the same pitch and radius of handle. 

Fig. 13 shows a recent form of hydraulic jack made 
by Messrs. Tangye, of Birmingham. When the plunger 
P is raised by the crank K, attached to the handle axis 
H, water is admitted through the valve V^ in the 
plunger to the space under the plunger, whence it is 
forced, on the down stroke, through the valve Vg to 
the space M under the ram H. As more and more 
water is forced into M the ram R is raised. The velocity 
ratio is easily determined, for if the plunger is, say, 
1 square inch in section, the ram being 10 square inches, 
then if 10 inches in length of the plunger enter the 
water, 10 cubic inches of water are displaced to M, and 
R is raised 1 inch if all the spaces were filled with 
water, and if water is incompressible — which is very 
nearly true. We see, therefore, that the ratio of the 
velocities of plunger and ram is the ratio of the cross- 
section of the ram to that of tlie plunger. Since the 
impressed force is applied at the end of the handle, this 
ratio will require to be multiplied by the mechanical 
advantage of the handle to give the ratio of W to P. 
The above is given as an example of the method of finding 
the velocity ratio in almost all hydraulic machines. 

The following are the velocity ratios of some simple 
machines : — 

Common screw jack or Circumference of circle described by 
press P -7- pitch of screw. 

Hydraulic press or jack Area of cross-section of ram -^ area of 

pump-plunger x mechanical advan- 
tage of pump-handle. 

Pulley-blocks Twice number of movable pulleys. 

Differential pulley-blocks Diameter of larger groove of top sheave 

-5- J difference of diameters of larger 
and smaller grooves. 

O 



lO NCHERICAL EXAMPLRH 

Whpel and aile Dinmeter of wheal -f- diameter of axle. 

Ohineas windlaiiB Diamctor of circle described by handle 

-^ ^ diftercQce of diameters of larger 
and Bmaller parts of axle. 
Inclined plane (force act- Length of plane -f- height, 

ing parallel to slope ot 

plane) . 
Inclined plane (force Base of pLtne -h height. 

acting parallel to base 

of pl^e). 
Lever acted on by two Distance of smaller force from fill- 

foiceaintheaameplane crum -^ distance of larger. 

BBAL MECHANICAL ASTANTAOB. 
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The actual mechanical advantage of a machine is not 
constant, and can be obtained, under given conditions, 
only by experiment. In closing the present lesson a 
brief explanation of such an experiment will now be 
given. The experiment in question is conducted on a 
small hand crane, such as is used for raising weights by 
manual labour. A view of the machine is shown in 
Fig. 14. For the purposes of the experiment the handle 
has been replaced by a pulley or wheel with a groove in 
the rim, round which a cord is wound, a weight, P, at 
the end of this cord raising a larger load, W, with a 
steady motion. The weight P represents the force 
which would have to be applied to the handle to raise 
the same load. Various loads are employed, and, by 
trial, the proper value of P — necessary to overcome 
friction and raise W steadily — is found. Some of the 
results obtained are shown in the following table : — 

EFFICIENCY OP CRANE. 

Table or Results (velocity -ratio r = 18-7). 



W = load 


P = force applied 


Real Mechanical 

W 

Advantage = — •• 


Efficiency 
W 


raised in lb. 


to handle in lb. 






P 


r X P 


14 


1-22 


11-48 


-61 


28 


2125 


1318 


•70 


42 


3-00 


1400 


•75 


56 


3-91 


14-32 


•765 


70 


4-80 


14-58 


-77 


84 


5-71 


1471 


•7-8 


98 


6-58 


14-88 


•79 


112 


7-52 


14-90 


•797 


126 


8-40 


1600 


-80 


140 


9-30 


1505 


•805 


154 


10-21 


1508 


-807 


168 


11-08 


1516 


-81 



An illustration of the method of working out such 
examples as follow may be of service to the reader. 

Example, — The diameter of the i-am of an hydraulic 
jack is If inch, the diameter of the plunger |^ inch, the 
mechanical advantage of the handle 10. Find the total 
mechanical advantage. If the experimental law of the 
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machine is P = -025 W + 5-3 (P being the force, in 
pounds, necessary to raise steadily a load W), find its 
efficiency when lifting i ton. 

Velocity ratio or _, area of ram mechanical advan- 

mechanical advantage • i tafire of handle. 

° area of plunger * "»**** «. 

•7854 X (l-7o)2 



•7854 X (-875)2 



X by 10 = 40. 



work ffiven out W v • xi. i •!. 

Efficiency = = ' '^ ^^'""^ the velocity 

work put in P X r ^**°- 

1,120 1,120 

= = -84, or 84 per cent. 



40(025 X 1,120 + 5-3) 1,332 



Note. — It may not be out of place to explain that the 
term "counter-efficiency," mentioned in many books, 
means the reciprocal of the efficiency, 

useful work + wasted work 

useful work 
wasted work 



= 1 + 

usetui worK 

wasted work 



useful work 
= 1 + ^, 
the letter e being used to denote the ratio 



useful work 
Numerical Examples, 

1. A plane rises 1 in 20. Find the pull, in the direction 

of the plane, necessary to move a load of 1 tou, 
friction being neglected. 

2. The pitch of a screw-jack is ^ inch, the distance 

from the axis of the screw to the end of the handle 
26 inches. Find the velocity ratio. If the law (in 
pounds) is P = '03 W -f 9-45, find the load which 
will l.»e lifted by a force of 56 lb. applied at the end 
of the handle. Find also the efficiency of the jack 
for this load. 

3. The diameter of the larger sheave of a difi^^rential 

pulley-block is 9 inches, that of the smaller sheave 
8 '8 inches. Find the velocity ratio. If the law of 
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the machine is P = -012 W + 6*38 (in lb.), what 
weight will be lifted by a force of 56 lb. ? Find 
the efficiency. 
^. The pitch of the propeller of a steamship is 20 feef, its 
velocity 80 revolutions per minute, and slip 10 per 
cent. Find the speed of vessel in knots (nautical 
miles per hour). 

5. In an hydraulic press the mechanical advantage of the 

handle is 10, the diameter of the ram 11 inches, and 
the diameter of the pump- plunger J inch. Find the 
total mechanical advanti^e. 

6. In a screw-jack the pitch of the screw is f " ; the radius 

of the circle described by the handle is 18". Find 
the hypothetical mechanical advantage. 

7. Find the mechanical advantage, neglecting friction, 

of a Chinese windlass, the i^ius of the handle 
being 18 inches, and the diameters of the two parts 
of the axle 9 and B^ inches respectively. 

8. In the last example what would have been the me- 

chanical advantage if the axle had been uniform and 
of 8 inches diameter, there being no movable pulley. 

9. Find the efficiency of a machine the law of which (in 

pounds) is P = 4-21 + -0429 W, when lifting 1 ton, 
the velocity ratio being 40. 

10. The law of a certain machine is P = '048 W -f 1 -6, 

and its efficiency when lifting a load of 10 cwt. is 
65 per cent. Find the velocity ratio. Same units 
as before. 

11. Plot the curve and find the law connecting P and W 

in the results for the crane given on page 19. Plot 
columns 1 and 3, and also 1 and 4. 
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1. 1121b. 

2. 326-7 to 1. 1,551*66 lb. '0848, or 8} per cent, nearly. 

3. 90 to 1. 4,135 lb. 82 per cent. 4. 14*2. 
5.2,151-1. 6.301-59. 7. 144 to 1. 

8. 4^ to 1. 9. 55- 83 per cent. 10. Velocity ratio 311. 

11. V = 064 \V -f -32. 
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LESSON V. 

MOMENTS OF FORGES. 

The law of moments is as follows : — If a nutnher of 
forces act on a body, tending to tv/m it about an aads, 
tJiere will be equilibrium if tlie sum of the moments oftliA 
forces lending to turn it against t/ie liands of a watch is 
equal to the sum of tJie moments of tlie forces tending to 
turn it with the hands of a uxUch; or, in other words, 




if the algebraic sum of the moments is zero. The 
" moment " of a force about a point is measured by the 
product of the force and its perpendicular distance from 
the point. A moment is a vector quantity, the axis of 
the moment being taken as the line of reference. 

This law may be proved, for forces acting in one 
plane, by a simple application of the law of work. 

In doing so we may adopt a method which is often 
used in cases where motion alters the configuration of 
forces and distances — viz., that of supposing a very small 
motion given to the body. , Let the small angle turned 
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through by the body, which is acted on by forces all in 
one plane, and which is pivoted so that its weight may 
be neglected, be called a (Fig. 15); all lines on the body 
will turn through the same angle. Fig. 16 is an enlarged 
drawing of a part of Fig. 15, and it will be seen from 
it that the work done by W^ is W^ X P Q. But since O M 
is perpendicular to P M, and O P perpendicular to P T, the^ 
two triangles O M P and T Q P have the angles at O and 
P equal, and the angles at Q and M also equal being 
right angles, hence the triangles are similar, therefore 
QP _ OM^ 

P T OP ' 



Fig. 16. X V 

A 

Now the work done by 

Wi = WiXPQ = WixPQxPT 

PT 

_ Wi X O M X P T 

OP 

P T 

But the angle o = — -- (in radians). 

. • . the work done by Wj = Wi x O M x o. 

Similarly the work on Wg can be shown to be equal to 
Wo x its perpendicular x a, and so on for W,j, etc. ; 
whence, dividing across by o, we get from the law of 
work the rule, 

Wi X its perpendicular = Wj x its perpendicular 
+ Ws X its perpendicular ; 

or the algebraic sv/m of Hie momenta of all the forces must 
he zero. 
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Tliis law may be employed in solving a great number 
of useful examples. It may be applied to the forces 
acting on a lever ; to find the centre of gravity — or, more 
properly, cetitre of mass — of a body ; to find the centre 
of area of any given plane area, and to numerous similar 
cases. As this last may present some difficulty to the 
beginner, the following example is given fully worked out. 

Example, — A uniform circular disc 6 inches in diameter 
has a circular hole 2 inches in diameter punched out of it, 




Fig. 17. 



as shown in Fig. 17, the edge of the hole passing through 
the centre of the disc. Find the centre of area of the 
remainder of the disc. 

Let X inches be the distance of the new centre of 
area from the centre of the plate, then if we imagine 
the hole to be again filled by the piece cut out of it, there 
will be equilibrium about the centre of the completed 
disc. Taking moments about that centre, and remem- 
bering that the weight of each part is simply proportional 
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to its area, and for our purpose may be taken as tliat 

area, we have — 

•7854 X 22 X 1 = -7854 (6^ - 22) x x, 
 or 22 = (62 - 22) X, 
4 = (36-4) x; 

•••^ = 5i = *' 

t.e., the centre of area has moved over \ of an inch. 

Another very useful class of question is that in which 
the two equilibrants of a number of given forces are 
required. The following exercise will make this plain : — 

Example, — A bar, whose weight is neglected, is 

tOlb. 72/6. 20/6. 



^ft 



3'- 



"P-VA- 



A 



B 

L 
1/ 



Fig. 18. 



loaded as shown in Fig. 18. Find the two supporting 
forces X and y. 

Taking moments round an axis at A, 

10 X 2 + 12 X 5 + 20 X 8 - y X 9-5 = 0. 
Whence y = 25-26 lb. But x + p = 42, .' , x = 1674. 

The question can also be readily solved graphically 
by the method referred to at page 133. 

Numerical Examples, 

1. A uniform rod 8 feet long is supported at a point 3 

feet from one end, and loaded at this end with a 
weight of 10 lb. Find the weight at the other end 
which will produce balance, the weight of the rod 
being neglected. If the weight of the rod is 3 lb., 
what is the correct answer ? 

2. A uniform lever, 12 feet long, balances about a point 

2 feet from one end when loaded at that end with a 
weight of 30 lb. Find the weight of the lever. 

3. A rigid bar, whose weight may be neglected, is 

supported at points 12 feet apart and on the same 
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level, and is loaded by the following vertical loads 
— viz., 5 lb., 8 lb., 6 lb., 11 lb., and 6 lb., at 
points 1 foot, 3 feet, 5 feet, 8 feet, and 10*5 feet 
respectively from one of the supports. Find the 
supporting forces. If it were necessary to balance 
this bar on a single support, find the position of 
that support. 
4. A bar similar to the last, supported at points 18 feet 
apart, is acted on by vertical loads of 16, 20, 18, 
and 12 lb., at points 2, 6, 9, and 13 feet respectively 
from one of the supports. Find the supporting 



e 



tt 



T 



<»> 



B 



Fig. 19. 



forces, and find also the position of a single equi- 
librant of the given forces. 

5. Find the centre of area of the figure shown in Fig. 19. 

6. A circular hole 1 inch in diameter is punched out 

of a uniform circular disc 6 inches in diameter, the 
edge of the hole being 1 inch from the circumference 
of the disc. Find the centre of area of the re- 
mainder. 

7. A uniform plate is of the shape of an isosceles triangle, 

the base being 6 inches, and each of the equal sides 
8 inches long. If a square be cut out of this tri- 
angle, one side of the square space coinciding with 
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the base of the triangle, and two of its 3omers on 
the two equal sides, find the length of a side of 
the square, and the centre of area of the portion 
of tlie triangle that remains, 
8. A rigid bar, whose weight may be neglected, is acted 
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on by the forces shown in Fig. 20. Find the mag- 
nitude and direction of the supporting forces at 
X and y, 

9. A lever safety-valve has the following dimensions : — 

mean diameter of valve 3", weight of valve 8 lb., 
distance of centre of valve from fulcrum 2^", weight 
of lever 16 lb., distance of its centre of gravity 
from fulcrum 13". Find where a load of 35 lb. 
must be hung from this lever so that the steam may 
blow off at 85 lb. pressure per square inch. 

10. In the sketch of a weigh-bridge (Fig. 21), find the 
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magnitude of the weight W, so that there may be 
equilibrium. 
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Note. — The pull in each vertical rod at the top end will j 

be equal to that at the bottom end plus the weight of | 

the rod, 

i 

11. A wall of brickwork, 2 feet thick and 20 feet high, 

sustains on the inner edge of its summit a certain I 

pressure on every foot of its length, the direction of 
the pressure being inclined at 60^ to the horizon. 
Find its amount when it is on the point of over- 
turning the wall. A cubic foot of brickwork 
weighs 112 lb. 

12. Weights respectively of 33, 41, and 56 lb. are 
placed at the angles A, B, C of a right angled 
isosceles triangle. Prove that the distance of the 
centre of gravity of the weights from the right 
angle B is equal to half of one of the equal sides. 



ANSWERS. 



1. 6 lb. 5-4 lb. 2. 16 lb. 

3. 18-5 and 17*6 lb. 6-83 feet from the 18-5 lb. force. 

4. 41 and 26 lb. 6*8 feet from the 41 lb. force. 
6. 4^ inches from B. 

6. '043 inch from the centre of the disc, and on the side farthest 

from the hole. 

7. Side of square, 3*316 inches. Centre of area, 3*001 inches 

from the base of the triangle. 

8. a; = 45-76 lb., y = 44-88 lb., both vertical. 

9. 36*4 inches. 10. W = 25*97 lb. 
11. 641-86 lb. per foot length of wall. 



LESSON VI. 

POWER, EFFICIENCY, ETC. 

Power is the rate of doing work. 33,000 foot-pounds of 
work done in one minute is called one horse-power (which 
we will denote by the symbol "HP"). This is the 
mechanical unit of power. The electrical unit of power 
is one wait, being the power developed in a circuit in 
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which a current of one amjyere flows with a pressure of 
one volt. There are 746 watts in one HP. Watts = 
amperes X volts. To find the HP of any machine is 
simply to find the work done by it per minute, and divide 
by 33,000 ; or to find the work done by it per second, 
and divide by 550. 

There are many useful examples of finding the power 
developed by various agents and machines whicli might 
be referred to, but few of them present much difficulty. 
There is one class of question which is very important, 
and which may require explanation — viz., the estimation 
of the power that may be obtained from a stream or 
river with a given fall. The first thing to be done is to 
obtain the quantity, or weight, of water flowing over 
the fall per unit of time. There are many methods 
of doing this, such as by calculation of the mean area of 
the stream and the mean velocity of the water, which 
may be obtained approximately by means of floats or 
current-meters. The mean area multiplied by the mean 
velocity gives the quantity passing per unit of time. 
These methods are only roughly approximate. The most 
accurate method, for small or moderately -sized streams, 
is that of the weir-gauge or gauge notch, Professor 
James Thomson's being the best. In this case the water 
is allowed to flow through a V-shaped notch cut in a 
board, the notch being of the shape of a right-angled 
isosceles triangle with sharp edges. The only measure- 
ment required is the height h of still-water level above 
the lowest point or angle of the notch (Fig. 22). 

If this height is measured in feet, then the quantity of 
water, in cubic feet per second, passing over the notch, 
is obtained by raising the number expressing this height 
to the fifth power, extracting tlie sqiiare root and multi- 
plying tlie result hjf 2*645. If the notch is rectangular 
and of length Ij feet, with sharp edges, as before, the 
quantity Q is obtained from the rule 

Q = 3-33 (L - -2 h) At. 

This is known as the Lowell formula, deduced by 
Mr. Francis from experiments carried out at Lowell, in 
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Massachusetts, U.S.A. The following exercises in cal- 
culating the power of machines, etc., will be readily 
understood, if the first example be carefully followed. 

Example. — Find the HP involved in raising 20 tons 
through a height of 80 feet in one hour. 

Work done per _ 20 x 2,240 x 80 
minute — 60 

„^ 8 X 20 x2, 240 
•• • HP =— — - ---^rr- = 1-81. 
6 X 33,000 

Note. — To measure HP electrically, multiply the 
current in amperes by the E.M.F. in volts, and divide 
by 746. 

Tlie efficiency of a machine is the ratio of the power 




Fig. 22. 

it gives out to the power given to it. Hence, if the 
useful HP of a machine is 20, and its efficiency is 60 per 
cent., there must be .33-33 HP given to it in order to 
produce this useful effect. 

1. What is the HP wasted in example 5 of Lesson III.] 

2. What HP is equivalent to the lifting of 50,000 cubic 

feet of water 100 feet high in 24 hours? 

3. 300 tons of coal are to be lifted from a depth of 200 

fathoms by an engine and machinery, the combined 
efficiency of which is 57 per cent. What will be the 
indicated HP of the engine if it do this work in 10 
hours ] (The term " indicated HP " is explained in 
the next lesson.) 
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4. An engine of 20 indicated HP is employed to pump 

water from a marsh ; the area of the marsh is half a 
square mile, and the water has to be lifted 10 feet. 
If the combined efficiency of the engine and pump is 
40^ per cent., how long will it take the engine to 
lower the surface of the water six inches ? (It is 
supposed that there is no loss of water by evapora- 
tion, etc., and that the marsh does not receive water 
during this time.) 

5. The efficiency of a turbine water-wheel is 70 per cent., 

and 300 cubic feet of water pass through it per 
minute. What fall is necessary in order that we 
may obtain 10 HP from the turbine 1 

6. A turbine giving out 20 HP is employed to drive the 

dynamo which generates the current for an electric 
tramway. If the combined efficiency of the dynamo, 
leads, motors, etc., is 30*4 per cent., and the weight 
of a train is 5 tons (resistances to motion being 
20 lb. per ton), at what rate will the train move ] 

7. If a gas-engine of 16 indicated HP were employed to 

drive the dynamo in the last example, and if the 
locomotive car, weighing 3 tons, runs alone at 8 miles 
an hour, what is the efficiency of the whole ar- 
rangement, including engine mechanism, dynamo, 
leads, motors, etc. — resistances being 25 lb. per 
ton] 

8. Professor James Thomson's V-shaped weir-gauge is 

employed to measure the flow of water in a certain 
stream ; the vertical distance fi'pm still>water level 
to the lowest point of the notch is observed to be 
1'3 feet. The water passing through this gauge, 
with a fall of 20 feet, is employed to drive a water- 
wheel of 60 per cent, efficiency. What HP may 
be obtained from the wheel 1 

9. A weir-gauge, with a rectangular notch, is employed 

to measure the flow of water in a certain stream, 
the length of the notch being 3 feet, and the verti- 
cal distance from still- water level to the sill of the 
notch being 1*28 feet. Suppose this water, with a 
fall of 15 feet, is employed to drive an overshot 



32 NUMEIIICAL EXAMPLES 

water-wheel of 55 per cent, efficiency, find tlie 
useful HP of the wheel. 

10. The current for the Portrush Electric Tramway is 

generated by a dynamo driven by two turbines, the 
fall of water available being 26 feet. If the eflS- 
ciency of each turbine is 70 per cent., and that of 
the dynamo and connecting machinery 80 per cent., 
and if the dynamo gives out a current of 100 am- 
peres with an E.M.F. of 250 volts, find the quantity 
of water passing through the turbines per minute. 

11. A waterfall is to be utilised for electric lighting. 
The engineer sent to inspect the place finds out the 
following data : — The water at one place flows in a 
sti-aight rectangular channel 4 feet wide, the water 
being 2 feet deep and its average velocity 2 feet 
per second. Thie available fall is . 20 feet, and 
the water-wheels to be used have an efficiency 
of 60 per cent., the dynamo efficiency being 80 per 
cent. Neglecting all other losses of energy, find 
approximately how many 60-watt incandescent lamps 
may be supplied. 

12. Suppose the stream were much smaller than in the 
last example, and the flow measured by Prof. James 
Thomson's V-shaped weir-gauge, h being 1*5 feet, 
how many lamps could be supplied under similar 
conditions to those given in the last question 1 



ANSWERS. 



1. 63-89 HP. 2. 6-55 HP. 3. 71-45 HP. 

4. 1 1 -29 days of 24 hours. 5. 25-22 feet. 

0. 22-8 miles an hour. 7. 10 per cent. 

8. 6-94 HP. 9. 12*37 HP. 

10. 1,217*2 cubic feet per minute. 

11. About 216 lamps. 12. 100 lamps. 



* (Page 33.) This sum can best be obtained by marking off the 
lengths consecutively on a strip of paper and measuring the whole 



length thus marked. 
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INDICATED HORSE- POWER, ETa 

Work, being measured by the product of force and 
distance, can be represented by an area. This is readily 
seen if the force is constant^, as the area is then a rect- 
angle ; but it is not diflScult to prove that, even if the 
force is variable, the area included by a curve,* whose 
ordinate, at any point, represents the value of the force 
when at a distance represented by the abscissa of the 
point, is proportional to the work done by the variable 
force. 

An indicator diagram, such as that shown in Fig. 23, 




Fig. 23. 

taken from a steam-engine, for instance, is a figure of the 
kind referred to, its area representing the work done by 
the steam on the piston of the engine whilst it was being 
traced out. It is usual in calculating the indicated 
HP of an engine from the indicator diagram to 
find the mean effective pressure of the steam by finding 
the mean height of the diagram — either by dividing the 
area of the diagram, as found by a planimeter, by the 
length 0'; or by dividing the sum*of the ten ordinates 
shown in the figure by 10 — and multiplying the number 
representing this height by the number of pounds' pressure 
per square inch required to move the pencil of the indi- 
cator vertically on the diagram one inch. This mean 
pressure multiplied by the area of the piston in sqvxtre 
inches, by the msan velocity of the piston in feet per minute, 

* See footnote on previous page. 
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and divided by 33,000, gives the indicated HP, if the 
engine is of the usual double-acting kind. If it is single- 
acting, the power is half that obtained by the above I'ule ; 
or if the mean piston velocity be taken as the average 
distance the piston moves per minute under the action of 
pressure from the steam, burning gas, or otJier toorking 
fluidy then the rule is applicable to all engines. This 
should be carefully noted. 

Example, — The mean height of an indicator diagram 
— taken from an engine with 10-inch piston, 12-inch 
crank, speed 150 revolutions per minute — is 0*9 inch, 
the scale of pressure being 32 lb. per square inch to one 
inch. Find the indicated HP of the engine. 

Mean pressure of steam = 32 x '9 = 28*8 lb. per square inch. 

Dictance travelled by piston per minute under this pressure 

= 4 X 150 feet. 

T ^. . :,-rr,, '7854 X 10» X 288 X 4 X 150 ^, ,^^ 
. .. IndicatedHP = 3--- = 41.127. 

Numerical Examples, 

1. The mean pressure of the steam in the cylinder of a 

certain steam-engine is 26 lb. per square inch, the 
diameter of the cylinder of the engine is 12 inches, 
length of crank 12 inches, and the speed 96 revolu- 
tions per minute. Find the indicated HP of the 
engine. 

2. The mean height of an indicator diagram is 1^ inch, 

the scale of the diagram being such that an ordinate 
one inch long represents 30 lb. pressure per square 
inch ; if the diagram is taken from the same engine 
as that mentioned in the last example, going at the 
same speed, find the indicated HP. 

3. An indicator diagram has an area of 4 square inches, 

the vertical scale of the diagram being the same as 
in the last example, and the horizontal scale being 
such that one inch on the diagram represents one foot 
travel of the piston of the engine. If the piston is 
9 inches in diameter, and the speed 96 revolutions 
per minute, find the indicated HP of the engine. 

4. A very good pumping-engine consumes 2 lb. of coal 



IN PRACTICAL MECHANICS. 35 

per hour per indicated HP ; an engine of this class 
has a piston of 3J feet diameter, 6 feet stroke, mean 
pressure of steam in cylinder 40 lb. per square inch, 
and the engine makes 48 working strokes per minuted 
find the indicated HP and the weight of coal required 
for one day of 10 hours. 

5. A cei-tain pumping engine, whose mechanical efficiency 

is 85 per cent., can, with pumping machinery of 45 
per cent, efficiency, lift 4,000 cubic feet of water per 
hour from a depth of 150 fathoms. If the consump- 
tion of coal per hour per HP be the same as in the 
last example, find the weight of coal required for a 
working day of 10 hours. 

6. If 1 lb. of coal gives out in burning, in the most perfect 

manner, 7,600 Centigrade heat-units, find the effi- 
ciency, including boiler, furnace, etc., of the engines 
in the last two examples. 

One Centigrade unit of heat is, in round numbers, 
equivalent to 1,400 ft.-lb., and one Fahrenheit unit of heat 
to 778* ft.-lb., of mechanical energj'-. 

7. In an indicator diagram, such as that shown in Fig. 

23, the sum of the ten ordinates, drawn as in the 
figure, was 9-^^^ inches, the scale of the diagram being 
32 lb. per square inch to one inch. If the crank of 
the engine is 14 inches long, the piston 13 inches in 
diameter, and its rod l^ inch in diameter, the 
speed of the engine being 100 revolutions per minute, 
find the indicated HP. 



ANSWEES. 



1. 34-217 HP. 2. 59-22 HP. 

3. 44*42 HP. Let x = length of diagram in inches. 

y ^ mean height of diagram in inches. 
Then a: y = 4, as given. 
30 y = mean pressure in Ih. per sq. inch. 

X = travel of piston in feet (for one stroke). 

* Recent determinations by Messrs. Griffiths and Clark, of Cam- 
bridge, give the numbers 1402 and 778*99 respectively. Professor 
Rowland and others give nearly the same values. 
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. * . ZO X 1/ z=z mean pressure x travel of piston. 
*7854 X 81 X 30 a; ^ = mean total pressure x travel of piston 

for one stroke. 
•7854 X81x30x4x2 = work done per revolution. 
• * . '7854 x81x30x4x96x2=: work done in 96 revoln- 
tions = 33,000 HP. 

•78:)4 X 81 X 30 X 4 X 96 X 2 

33,000 ~ 

. •. HP = 44 -42.— ^#M. 

4. 483-6 HP. 4-3 tons. 5. 264 tons. 

6. -094 or 9-4 per cent. 7. 56 '6 HP. 



LESSON vni. 

POWER FOR TRACrriYE PURPOSES. 

The work required to be expended in drawing a carriage 
up an incline A (Fig. 24) consists of two parts : that 
necessary to overcome the ordinary tractional resistances, 
as on the level, through a distance A C, and that 
required to lift the weight through a vertical height B 0. 
The term '* gradient " usually means the ratio of B C to 
A 0, B being taken as unity. Thus a gradient of 1 in 
200 means a vertical rise of 1 foot to every 200 feet 
measured along the slope. In calculations relating to the 
poioer necessary to draw a vehicle of given weight up a 
given slope^ it is only necessary to find x, the distance 
the vehicle will go in one minute, then add to the work 
done in moving over a distance a? on a level road the work 
done in lifting it through the vertical height B C. 




Big. 24 



Example, — Find the power necessary to draw a train 
weighing 100 tons up an incline of 1 in 200 at the steady 
rate of 30 miles an hour, the resistance to motion on a 
level road at the same rate being 12 lb. per ton. 



Here B = 
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200 

30 X 6,280 
a = distance train goes in 1 minute = — = 2,640 feet. 

Hence B = 13-2 feet. 
Besistance to motion on level = 12 x 100 lb. 
• * • work done per minute against ordinary f rictional resistances 

= 1,200 X 2,640 ft.-lb. approximately. 

Also work done in lifting tlie train through the height B 

= 100 X 2,240 X 13-2 ft..lb. 

Hence the total work done per minute 

= 1,200 X 2,640 + 100 x 2,240 x 132 ft.-lb. = 6,124,800 ft.-lb. 

But work done per minute •*• 33,000 = HP. 

6,124,800 

. • . HP expended =~ — = 185-6. 

^ 33,000 

Numerical Examples. 

!• Find the useful HP of an engine which draws a train 

weighing 120 tons, on the level, at 40 miles an 

hour. (Resistances, when not given, to be found 

from the formula — resistance in lb. per ton 

(speed in miles per hour)' 

= m + ^'' 

2. What is the HP necessary to draw a train, weighing 

120 tons, up an incline of 1 in 130, at the rate of 
35 miles an hour ? 

3. If a locomotive move a train, weighing 100 tons, at a 

steady speed of 40 miles an hour on the level, at 
what rate would it draw the same train up an incline 
of 1 in 120 whilst giving out the same useful HP, 
the resistance due to friction being assumed equal in 
the two cases 1 

4. Find the indicated HP of a locomotive which draws 

a train weighing 150 tons up an incline of 1 in 200 
at 33 miles per hour, the efficiency of the mechanism 
of the engine being taken as 80 per cent. 

5. A locomotive engine has two cylinders, each 12 inches 

in diameter, the cranks being 12 inches in length, 
and making 115 revohitions per minute. If the 
mean pressure of the steam in each cylinder is 90 lb. 
per square inch, at what rate will this engine draw 
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a train, weighing 200 tons, up an incline of 1 in 90; 
its useful HP being 75 per cent, of its indicated HP, 
and tractive resistances at the same speed on the 
level being taken at 12 lb. per ton. 
6. The indicated HP of a locomotive is 400, and the 
efficiency of the mechanism of the engine 75 per 
cent. If this engine draw a train weighing 200 
tons up an incline of 1 in 300 at a steady speed, 
find that speed, the tractive resistances averaging 
10 lb. per ton. 

ANS WEES. 



1. 222-08 HP. 2. 362-76 HP. 

3. 19-29 miles an hour. 4. 421-9 HP. 

0. Useful HP 212-8. Speed 10-78 miles an hour. 

6. 32*3 miles an hour. 



LESSON IX. 

FORCE, MASS, AND VELOCITY. UNIFORM ACCELERATION. 
MOMENTUM AND KINETIC ENERGY. 

Velocity is rate of motion, and if uniform — in which 
case equal distances are passed over in equal intervals of 
time — it is measured by the distance passed over in one 
second. 

Acceleration is rate of change of velocity, and if 
uniform — in which case there is an equal gain or loss of 
velocity in equal times — it is measured by the velocity 
gained or lost per second. When a body moves with a 
continually increasing speed, its acceleration is said to be 
positive ; if, on the other hand, the velocity diminishes, 
the acceleration is negative. We shall here deal only 
with uniform velocity and acceleration. From the state- 
ment made above it will readily be seen that if a body 
move with a uniform velocity v over a distance 8 in 

time t, V must be equal to ^, or « = t? t. 

The laws of uniform acceleration can be readily 
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illustrated graphically. Thus in Fig. 25 the ordinate 
A E represents the body's velocity at the beginning, and 
B D represents its velocity at the end of the interval of 
time, t, considered. 

Since acceleration, a, is the velocity gained in unit 
time, evidently that gained in time, ty is t times as much, 
or a t; this is represented by C D. The distance passed 
over by the body in the time considered is \(u -\- v)t, 




Fig. ka. 



or is the average velocity multiplied by the time * ; this 
distance, s, being represented by the area of the figure 
A B D E, which is equal to the area of the rectangle 
A B C E + the area of the triangle E C D.f Putting 
these last two statements into algebiaic form we have 

(1) V z=:U -^ at 

(2) s =ut'{- iat^. 

Eliminating the term t from these two equations we get 

a third 

(3) »» = t*« + 2as, 

It must be understood that in these rules the + sign 
is replaced by — if the acceleration is negative. If, in a 
particular case, the initial velocity is zero, that is to say, if 

* This is not so self-evident as it at first sight appears to be. It 
l8, however, usually assumed to be true. 

t It is only the scalar magnitude of the distance that is here 
represented. 
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the body star Is at the beginning of the interval of time 
considered, then the rules become 

{\)v=iat 

(2) 8 = ^at'^ 

(3) tj2= 2as, 

A body falling freely under the action of gravity has 
a uniformly accelerated motion, if we neglect atmospheric 
friction, or suppose it to produce a constant effect. The 
body in this case gains a velocity of about 32 feet per 
second every second of its motion, or, in dynamical lan- 
guage, the acceleration is 32 feet per second per second 

ft 
(32 — ^). This acceleration is usually denoted by the 

letter g ; it varies slightly with the latitude of the place, 
and also with the height above sea-level. If, then^ a 
body is allowed to fall freely from rest, through a height 
/*, or for a time <, the rules become 

(1) v=9t 

(2) h = yt^ 

Force, Mass, and Acceleration. 

The connections between force, mass, and acceleration 
are illustrated by Atwood^s machine, which consists of a 
pulley, mounted in as frictionless a manner as possible, 
and bearing a cord to the two ends of which two equal 
weights A and B are fastened. An additional small 
weight P, in the form of a long thin plate, is added to one 
of the equal weights, which, when let go, move with a 
uniformly accelerated motion, till at a certain point in its 
fall the little weight Pis lifted off in passing through a ring; 
A and B now moving on with a unifoim velocity. This 
arrangement enables the acceleration of a given mass — 
that of A + B + P — due to a given force, P, to be 
measured. 

By varying, first, the force, and then the mass, it is 
found that (1) acceleration is proportional to force when 
mass is constant; (2) acceleration is inversely propor- 
tional to mass when the force is constant ; and hence 

force 
acceleration is proportional to ^^' 
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We have now only to choose such units as shall make 
this proportion simple equality. 

There are three systems of units, any of which will 
do this. 

Units. 

In the C.G.S. (centimetre, gramme, second) system 
the unit of length is one centimetre, which is y^th part 
of one metre — a metre being about 39*37 inches — the 
unit of mass is one gramme, which represents the mass 
of one cubic centimetre of distilled water at the tempera- 
ture of 4° C, and the unit of force is one dyne, or that 
force which acting on one gramme /or one second generates 
a velocity of one centimetre per second. 

This system is very scientifically arranged as regards 
the connection between its various units, and the decimal 
system being employed, such operations as multiplication 
or division are rendered extremely easy. It has the great 
practical disadvantage that its units of force and mass are 
inconveniently small, and hence ordinary forces with 
which practical men have to deal require to be expressed 
by very large numbers. Gravitation units are also 
employed in connection with this system, the weight of 
one gramme or one kilogi'amme (1,000 grammes) being 
used as a unit of force. 

In the British Absolute System the unit of length is 
one foot, the unit of mass is one pound, and the unit of 
force is one poundal, or that force which acting on one 
pound for one second generates a velocity of one foot per 
second. In this system the unit of force is about -^ of 
the force with which the earth attracts one pound-weight, 
and however excellent and scientific the system may be, 
practical men find the unit of force a little too small ; 
however, it may in time be generally adopted. 

In the British Gravitation or Engineer's system the 
force due to the weight of one pound is taken as the unit 
of force; but as it varies a little at difierent localities and 
levels, it is usual now in the best books to find this unit 
defined as the force with which the earth attracts a 
pound-weight a^ the sect-level at Greenwich. The unit of 
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mass will then be the mass of about 32*2 pounds; the' 
unit of length being, as before, one foot or j^ of the 
standard, yard, which is the distance between the centres 
of two gold plugs in a platinum bar kept at the Standards 
Office of the Board of Trade at Westminster. In any of 

these systems the law, acceleration =r , or force = 

•' mass 

mass X acceleration, is true. 

The last-mentioned system is that adopted by most 
British engineers, and is used throughout these lessons. 
For convenience we shall use such expressions as **a 
force of 10 pounds,** meaning a force equal to the weight 
of 10 pounds — the symbol "lb." being employed simply 
to denote "pound** or "pounds," without reference to 
whether force or mass is intended. The mass of any 
body is, in this system, obtained by dividiiig its wdglU 
in pounds by 32*2. 

The unit of work in each system is the work done by 
unit force acting through unit distance, and called the 
ergy the foot-jyoundaly and the foot-pound respectively. 

Momentum. 

We have seen that if a force act on a body free to 
move, the resulting motion will be governed by the law — 

force = mass x acceleration, 

or, in algebraic form, F = m x a. Going back to the 
beginning of the present lesson, we had the elementary 
law V = w + a <, the + sign being replaced by a — if the 
velocity decreases. 

Taking these two rules together, we have 

F = a X w, 
and V = u -{- at. 
From the last 

» - 1* 

hence the first becomes 



/v — u\ ^^ 

F = ( — — I m or F< == t*w — uin^ 
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the same double meaning being attached to the sign on 
the right-hand side as before. The product of the mass 
and velocity of a body is called its momentum; it was 
formerly called ** quantity of motion," and hence the law 
just obtained agrees with Newton's second law of motion, 
"change of motion is proportional to the impressed force, 
and takes place in the direction in which that force acts." 
Force is therefore momentum per second. If the time^ 
is too short to be measured, the forxse's "impulse" is 
measured by the momentum produced or destroyed. 

Kinetic Energy. 

The kinetic energy of a moving body expressed in 
foot-pounds is equal to the product of half its momentum 
and its velocity, the velocity being measured in feet per 
second. Suppose a body of mass m to move a distance of 
8 feet under the action of, and in the same direction as, 
a constant force F, then the work done on the body 
— moving with a uniformly accelerated motion — is ¥x8. 
Let v^ be its velocity at the beginning, and v^ its velocity 
at the end of the interval of time considered. Then, 

since distance = average velocity x time, a = — ^-r — -K ty 

and from what has been already stated in regard to the 
value of a force in connection with change of momentum, 
we havo . , ^ . 

hence F x . = m^^^^ x ^^4^. t 

t 2 

or the work done is equal to the change of kinetic energy. 
If the force is of the nature of a resistance and opposes 
the body's motion, the rule is still true, only v^ will then 
be greater than t?^, negative work being done on the body 
by the force F. 

Numerical Examples, 

1. A boy drops a stone down the shaft of a mine and 
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finds that it takes 3*5 seconds to reach the bottom : 
what is the depth of the shaft f 
Here the rule is 

in this case 

A = ^ X 32*2 X 8-5« 
=r 161 X 12-26 
= 197-2 feet. 

2. How long will a mass weighing 150 lb., and moving 

with a velocity of 20 feet per second, move against 
an opposing force of 10 lb. ? 
Let t be the required time, 

then F^ ^ mv, 

150 
10 X < = -— X 20, 
32-2 ' 

or ^ = 9*3 seconds. 

3. A shot weighing 12 lb. leaves the mouth of a gun 

with a velocity of 1000 feet per second : find its 
kinetic energy, and the mean resistance offered by an 
obstacle into which it penetrates a distance of 2 feet. 

Kinetic energy = ^ mass X (velocity)^ 

= r X r^ X 1000» = 186,336 ft.-lb. 
2 32-2 

Let F be the average resisting force; then — 
186,335 = F X 2, or F = 93,167^ lb. 

4. Find the velocity of the stone in Example 1 just 

before it touched the bottom of the shaft, and also 
its velocity when it had fallen 100 feet. 
6. A stone is projected vertically upwards with a velocity 
of 50 feet per second : how high will it rise 1 

6. A man descends a mine 4000 feet deep with a uniform 

velocity. Having descended for 4 minutes, he drops 
a stone, which reaches the bottom in 10 seconds. 
Find the velocity with which the man descends. 

7. What is the acceleration produced by a force of 10 lb. 

acting on a mass which weighs 100 lb. 1 

8. If a locomotive move a train which, including engine, 
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weighs 100 tons, giving to it a uniformly accelerated 
motion such that in 10 minutes after starting it has 
a velocity of 20 miles an hour, find the weight of a 
second train which the same engine draws, and 
which gets up a speed of 7 miles an hour in 5 
minutes; the total resistance and the pull of the 
locomotive being taken as the same in both cases. 

9. In At wood's machine equal weights of f lb. are 

suspended by the string passing over the pulley, and 
a bar weighing ^V ll>. is laid across one of them. 
' This bar, after falling 2 feet, is lifted off. How far 
will the remaining masses move in the next 10 
seconds 1 

10. A man weighing 160 lb. descends the shaft of a 

mine with an acceleration of 2 feet per second per 
second : find the pressure he exerts on the floor of 
the cage. 

11. A ball is laid on a smooth inclined plane, the inclina- 
tion of which is 1 in 20 : find the acceleration of the 
ball, and the distance it will go in 3 seconds. 

Note. — The acceleration in such a case is ^ x sin a, 
where a is the angle the plane makes with the horizontal. 

12. A train weighing 100 tons, moving at the rate of 30 

miles an hour, is brought to rest in 2\ minutes : 
find the average resultant force acting against the 
train's motion. 

13. A body weighing 20 lb. falls freely through a height 
of 200 feet : find the average force required to stop 
it in the next 5 seconds. 

14. A pile-driver weighing 300 lb. falls through a height 

of 20 feet, and is stopped in ^th of a second : &id 
the average force it exerts on the pile. 

15. A ball weighing 8 lb., and moving with a velocity 
of 50 feet per second, receives a blow in a direction 
at right angles to its line of motion, and it then 
proceeds in a direction making an angle of 45° with 
the direction of its former path: find the "impulse" 
imparted by the bl6w. 

16. A railway waggon weighing 10 tons is drawn from 
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rest by a horse ; after going 300 feet it is moving 
at the rate of 5 feet per second, if the tractive 
resistances amount to 8 lb. per ton: find the 
amount of work done by the horse. 

17. A projectile leaves the mouth of a gun with a 
velocity of 1000 feet jier second : find its velocity 
when it is at a height of 100 feet above the level of 
the gun, neglecting atmospheric friction. 

Note. — This question can be solved from the fact that 
the total store of energy the projectile possesses is sup- 
posed to remain constant. Just as it leaves the mouth 
of the gun i^s energy is all kinetic and known in amount ; 
at the higher point it is partly kinetic and partly potential, 
their sum being the same total amount as before. The 
part consisting of potential energy is known from the 
height, hence the kinetic energy, and therefore the 
velocity, of the projectile is easily found. The weight of 
the projectile is not required. 

18. If the angle of projection in the last example were 

30° with the horizontal, find the greatest height to 
which the projectile would rise, and its velocity at 
its highest point. 

19. What will be the range or distance the projectile 
will go, on the horizontal plane, through the mouth 
of the gun 1 

Note. — ^The range is found by multiplying the horizon- 
tal component of the initial velocity by the time of flight. 
The time of flight is found by considering that the time 
taken by the projectile to go to its highest point («.«., half 
the time required) is the same as the time a body must fall 
in order to acquire a velocity equal to the vertical com- 
ponent of the velocity of projection. 

20. Find the work done by a winding-engine which 

raises a cage weighing 6 tons from a pit 400 yards 
deep, and gives to the cage a velocity of 24 feet per 
second at the top of the shaft. If this work is done 
in 6 minutes, find the HP actually applied. 

21. If the weights in At wood's machine are 3 and 2 lb., 
find the work done by gravity whilst the heavier 
falls 10 feet. 

22. A train moving at 15 miles an hour comes to the 
foot of an incline of 1 in 300. If the frictional 
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resistances amount to 8 lb. per ton, how far will 
the train go if the steam is shut off? 

23. A railway carriage weighing 5 tons is started down 
an incline of 1 in 100. What will be its velocity 
after it has gone 200 yards ? Resistances as in the 
last example. Also how far must it run before it 
acquires a velocity of 60 miles an hour 1 

2i. A pendulum-bob weighing 20 lb. is suspended by a 
wire, the length from the point of suspension to the 
centre of the bob being 16 feet. The pendulum 
swings 30° from the vertical on each side. Find its 
potential energy in its highest position, and also its 
velocity when passing ite lowest position. 



A N S W E E S . 



4. 112*7 feet per second. 80*25 feet per second. 

5. 38*8 feet. 6. 9*56 feet per second is the man's velocity. 
7. 3*22 feet per second per second. 8. 143 tons nearly. 

9. 24 feet nearly. 10. 1501 lb. 

11. 1*61 feet per second per second. 7*245 feet. 

12. 2267*3 lb. 

13. 34*09 lb. (20 lb. of this is required to balance the body's weight). 

14. 1667*2 lb. 15. 12^. 16. 32,695*6 ft.-lb. 

17. 996*77 feet per second. 18. 3882*1 feet. 866 feet per second. 

19. 26,896 feet (a little over 5 miles). 

20. 16,248,208 ft.-lb. 82-06 HP. 21. 10 ft.-lb. 

22. 1,088*5 feet. 23. 10*7 miles an hour. 18,705 feet. 

24. 42*88 ft. -lb. 11-75 feet per second. 



LESSON X. 

COMPARISON OF C.G.S. AND OTHER UNITS. 

FORCB. 

1 lb. {gravitation) = 4*46 x 10* dynes (C.G.S. absolute) 
1 gram =981 dynes. 

1 poundal := 13825 dynes. 

1 poundal = -— - lb. in Britain. 

32*2 
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Length. 

1 foot = 30-4797 centimetres. 

1 metre = 39-37 inoheB. 

1 inch := 2-64 cm. 

1 mile = 160,933 cm. 

1 nautical mile = 185,230 cm. 

Area. 

1 square inch = 6-45 square cm. 
1 square foot = 929*01 square cnu 

Mass. 

1 lb. = 453-59 grams. 
1 kilogramme = 2-2 lb. 

Stress {Gravitation Measures). 

1 lb. per sq. foot = '48826 gm. per sq. cm, 
1 lb. per sq. inch = 70-31 gm, per sq. cm. 

Work {Gravitation), 
1 foot-pound = 13,825-gm. cm. 

Work {Absolute), 

1 gm.-cm. =981 ergs. 

1 ft.-lb. == 1-356 X 107 erga. 

1 ft.-poundal = 421390 ergs. 

Power {Gravitation). 

1 IIP =• 7*604 X 10' gr.-cm. per second. 

1 forc'c-dc-cheval or 

cheval- vapour = 7'6 x 10* gr.-cm. per second. 

Power {Absolute), 

1 HP = 7-46 X 10' ergs per sec. 
1 watt = 10' ergs per sec. 

Numerical Examples, 

1. Express the velocity of 1 knot ih cm. per second. 

2. A piece of material will stand the stress of 10,400 lb. 

per square inch, find this in gms. per sq. cm. ; also 
dynes per sq. cm. 

3. The value of E for wrought-iron is 29 x 10^ lb. per 

sq. inch, find this in dynes, and in gms. per sq. cm. 

4. An agent can do 3,000 ft. -lb. of work in 1 minute, 

find the rate of working in cm. dynes (ergs) per 
second. 
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5. An engine gives out 12 HP, find this in watts, chevaux- 

vapeur, kilogramme tres per second, and ergs per 

second. 

1 kilogrammetre = 9-81 x 10^ ergs. 
1 HP = 650 ft.-lb. per sec. 

^ 746 watts. 
1 cheval-vapeur = 542*48 ft.-lb. per sec. 

= 736 watts. 

= 75 kilogrammetres per sec. 

6. A train moves at 30 miles per hour, find its velocity 

in feet per second, in kilometres per second, and in 
cm. per second. 
At a bend in a river the water moves at 5 miles an 
hour, the radius of the lines of flow being 9,100 cm. 
Find the slope of the surface of the water, taking 
^ = 981 cm. per sec. per sec. 

The F (see page 187) of a mass m grams, rotating at 
velocity of v cm. per second, in a circle of r cm. ra(Sas, 

18 := dynes. 

T 

8. Young^s modulus for brass is (Everett) 9*86 x 10^^ 

dynes per square cm., find it in lb. per square inch. 

9. Taking as unit of heat the heat I'^quired to raise one 

cubic centimetre of water 1° C, find the value, in 
ergs, of Joule's mechanical equivalent of heat, 
being given that the heat required to raise one lb. 
of water 1° F. is equivalent to 779 ft.-lb. 



ANS WEES. 



1. 51-45 cm. per sec. 

2. 731,224 gm. per sq. cm. 717,519,347 dynes per sq. cm. 

3. 20-007 X 10^1 dynes per sq. cm. 203*9 x 107 gm. per sq. cm. 

4. 678 X 10* cm.-(iyne8 (ergs) per sec. 

6. 8,952 watts. 12*163 chevaux-vapeur. 912*48 kilogrammetres 
per sec. 89*51 x lO** ergs per sec. 

6. -0134 kilometres per sec. 1341 cm. per sec, 

7. Slope, 1 in 178. 8 14-29 x 10«. 9. 42*9 x 10«. 



E 
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LESSON XL 

KINETIC ENERGY OP ROTATING BODIES. 

The expression for the kinetic energy of a rotating body 
is obtained by taking the sum of the kinetic energies of 
all the little masses into which we can conceive the body 
as being divided. All little masses, at different distances 
from the axis of rotation, have different linear velocities, 
but all have the same angular velocity. If this angular 
velocity is A radians per second, the kinetic energy of 
each little portion, whose mass is m, and whose distance 
from the axis is r, is ^ m A^ r^ (v being = A r). The 
sum of all such expressions gives the kinetic energy of 
the whole body, or 

2 i w. A2 r* — the kinetic energy = ^ A* 2 m r^ = ^ A^ I, 

where I is the moment of inertia of the body about the axis 
of rotation, being iJie sum of all such products as each 
little ma^s and the square of its distance from the aads. 
Engineers prefer to express the angular velocity of a 
rotating body in number of revolutuy/is per minute, and 
the expression for this is obtained as follows : — 

Kinetic energy = i I A^, but A = , 

where n is the number of revolutions per minute, hence 

i I A^ = i I -— — = X nK 

^ ^ 3,600 1,800 

The moment of inertia of the body about the same 

^2 I 

axis is constant, hence if M * is a constant = -—— , the 

' 1,800' 

kinetic energy of the rotating body can be expressed in 

the convenient form Mn^. 

The constant M may be obtained by experiment in 
cases where the calculation of the moment of inertia 
would be difficult and tedious. 

It is not necessary even to experiment with the same 
body as that whose store of kinetic energy, at a given 

* This metbod of putting the rule is due to Professor Perry. 
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speed, we wish to know. The experiment may be 
performed with an exactly similar, but much smaller or 
larger body; and the rule, the M's — or moments of 
inertia — of two similar bodies rotating about similarly 
placed aoees are as tlie fifth powers of their like linear 
dimensions, may be employed to find the M of the other. 
This will readily be seen from Fig. 26, where two 
bodies are shown, one s times the other in all correspond- 
ing linear dimensions. A little mass m in the smaller 





Kg. 26. 

corresponds to a mass «%i in the larger, and the moment 
of inertia of the smaller body is 2 in r% whilst that of 
the larger is Ss'^i (srY = «» S wi r^. Hence the 
moments of inertia (or M's) are as the fifth powers of 
their like linear dimensions. 

The rules given in this lesson are especially useful 
in designing fly-wheels for machines. The moments of 
inertia of some regular solids are given in the Appendix, 
page 198. 

Example, — A fly-wheel is required to give out 12,000 
ft. -lb. of energy whilst its speed decreases from 151 to 
149 revolutions per minute. Find its M and also its 
diameter if similar to one the M of which is '02, and 
diameter 2 feet. 

It is evident that the energy given out is the energy 
at the higher speed mirms the energy at the lower speed. 
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.-. 12,000 zrM (1512— 149'^) = M x 300 x 2 

12,000 

. • . M = — = 20. 

2 X 300 

and^ — — ,whenceD=: a / ( ^\ x 2. 
•02 ■" 25 'V \-02 / 

. • . D = 7'96 feet, the diameter of the wheel required. 

Numerical Examples, 

1. There is a fly-wheel the weight of whose rim is 10 

tons, and its mean radius 5 feet. Calculate its M 
approximately. The moment of inertia may be 
taken as approximately equal to the mass pf the 
rim X the square of its mean radius in feet. 

2. If the energy taken from a fly-wheel, whilst its speed 

lowers from 150 to 140 revolutions per minute, is 
15,000 ft.-lb.; find the M of the fly-wheel. Find 
also its diameter if it is similar to another wheel the 
M of which is '0024, and diameter 1*25 feet. 

3. The M of a fly-wheel is 2*456 ; the mean radius of its 

rim is 2*6 feet. Calculate the weight of the rim 
approximately. 

4. Find the diameter of a fly-wheel which is to be 

similar to an existing wheel, the M of which is -0024, 
and diameter 2 feet ; the new wheel never to run at 
more than 96 or less than 90 revolutions per minute, 
and to give out during a cei^tain interval 20,000 
ft. -lb. more than it receives. 

5. We want a fly-wheel to contain a store of 1,000 ft.-lb. 

of energy when rotating at 20 revolutions per 
minute, and to be similar to an existing wheel 
which is .4 feet in diameter, and contains a store of 
1,350 ft.-lb. when rotating 30 times per minute. 
Find the M and diameter of the new wheel. 

6. A grindstone 6 feet in diameter and 9 inches broad 

rotates 75 times per minute. Find its M, and also 
the kinetic energy it possesses at this speed, its 
specific gravity being 2*14. If the axle of the stone 
is 2 inches in diameter, how long will friction take 
to stop it, the coefficient of friction being supposed 
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constant for all speeds and equal to '089 1 The 
M of a cylinder whose length and diameter are 
I and d feet respectively is w I d"^ -^ 59,800, where 
w is the weight in lb. of one cubic foot of the 
material. 

7. In non-condensing steam-engines, the steam being cut 

off at from i to ^ of the stroke, it is found that the 
fluctuation of energy is from ^ to ^ of the work of 
one revolution. In an engine of this class, of 25 IHP, 
the cut-off being ^ of this stroke, and the limiting 
speeds 129 and 131 revolutions per minute, find the 
M of its fly-wheel. Find also the diameter of its 
fly-wheel if similar to that whose dimensions are 
given in Example 2. 

8. For condensing engines, cut off from ^ to ^ of the 

stroke, the fluctuation of energy is from i to ^ of the 
work of one revolution. A steam-engine of this 
class of 50 IHP, cut off at |^ ; limits of speed 70*4 
and 69*6 revolutions per minute. Find the M 
and diameter of its fly-wheel if similar to that in 
Example 2. 

9. In an Otto gas-engine the fly-wheel receives energy 

only during i of one complete cycle (2 revolutions). 
Hence the fly-wheel must store, approximately, the 
energy required from the engine during the re- 
maining ^ of the cycle. An engine of this class, of 
16 indicated HP, drives a dynamo machine, the 
limiting speeds being 149*5 and 150 5 revolutions 
per minute. Find the M of its fly-wheel, and 
also its diameter if similar to that mentioned in 
Example 2. 

10. The fly-wheel of a certain traction engine is 5 feet in 

diameter, and is, let us suppose, similar to that 
given in Example 2. Suppose the steam shut off 
when the fly-wheel is rotating at 150 revolutions per 
minute, how far will the engine move on the level 
before coming to rest ; the engine and truck weigh- 
ing 30 tons, resistances to motion averaging 20 lb. 
per ton, and the efliciency of the engine mechanism 
being 65 per cent. 1 
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11. Suppose the earth to be a sphere of 4,000 miles 
radius, mean specific gravity 5-6, find approximately 
its kinetic energy due to its rotation on its axis. 
The M of a sphere ia w d^ -^ 112,126. 

12. Find the weight of fly-wheel rim per HP, which at 
a linear velocity of 70 feet per second will store the 
work of 5 revolutions of the engine, the mean speed 
being 100 revolutions per minute. 



ANSWEES. 



1. M = 95*36 approximately. 

2. M = 5*17. Diameter, 6-8 feet. 

3. Weight = 2136-1 lb. 4. Diameter, 11-9 feet. 

5. M = 2-6. Diameter = 4*43 feet. 

6. M = 2-167. Energy = 12,189-37 ft.-lb. Time, 2^ minutes. 

7. M = 3-05. Diameter, 5-23 feet. 

8. M = 42*09. Diameter, 8-825 feet 

9. M = 17-6. Diameter, 7413 feet. 10. 69*9 feet. 

11. 19,771 X 1025 ft.-lb. approximately. 

12. 21-46 lb. per HP. 



LESSON XIL 

FRICTION AND STBRNGTH OP BELTS. 

The rules on which calculations as to the strength of 

belts are founded are (1) .."\^J = HP transmitted, 

^ ' 33,000 ' 

and (2) — = e**^, where N and M are the pulls in the 

belt on the tight and slack sides respectively, ft is the 
coefficient of friction between belt and pulley, 6 the 
angle embraced by the belt, expressed in radianSf v the 
velocity of the belt in feet per minute, and e the base of 

the Napierian system of logarithms = 2-71828 

Kule (1) is easily proved by supposing a pulley 
turned by a belt from the ends of which two unequal 
weights, N and M, are suspended. The work given to 
the pulley in one minute is evidently the difference of 
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that done hy the great-er weight in falling and that done 
on the smaller weight in raising it, or, in other words, 
equal to (N — M) v, which, divided by 33,000, gives 
the HP. 

A short investigation of rule (2) may be of interest 
to students. Let A B be a very small portion of the 
pulley touched by the belt P Q (Fig. 27) ; consider the 




Pig. 27. 

equilibrium of this small portion of the belt We see 
that the forces acting upon it are the pulls P and Q and 
the normal reaction K. Constructing the triangle of 
foi-ces (Fig. 28), we have — since a is a very small angle — 

R = Pa. 
But friction = u x normal pressure. 
• . friction = /i R = /a P a, 
or P - Q = /ti P a. 




Fig. 2a 



Now let P — Q become indefinitely small ; a becomes d d, 



and £? P = ^ P <^ a. 

dV 
or — =z fid 0. 
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Integi*ating between the limits M and N, and o and 
respectively, we get 

Log. N — log. M = ft a, 

N uB 

(2) Hence — = e . 
M 

Combining the two formulse (1) and (2), and elimi- 
nating M, we get 

33,000 HP / t^^ \ 

Let h be the breadth of the belt and t its thickness 
in inches, 330 lb. per square inch the safe stress for 
leather belting, then we get the rule from which calcula- 
tions are made : — 

100 HP / ^^^ \ 
b xt = I I (3). 



N = 



Assuming that the lapping on the smaller of the two 
pulleys is generally about ^ of the circumference, and that 
fi = '3, we get a very simple approximate rule, which 
may be used in many cases, viz. : — 

, ^ 200 HP 

h X t= .... (4). 

V 

Rule for speeds :DN = <iw (6), 

D being the diameter of the larger pulley. 

N „ „ speed „ „ „ . 

d „ „ diameter „ smaller „ 
n „ ,, speed „ „ „ 

Numerical Examples. 

1. Fig. 29 shows the arrangement of pulleys and belts 

used for driving a dynamo machine F, from the 
steam-engine A. 

If the speed of A is 96 revolutions per minute, find 
the speed of F, assuming that there is no slipping of 
the belts. 

2. A machine is driven from a pulley 4 feet in diameter 

by means of a belt. If the difference of pull in the 
two sides of the belt be 20 lb., and the pulley 
makes 150 revolutions per minute, find the HP 
transmitted by the belt. 
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3. The fly-wheel of a steam-engine is 9 feet in diameter, 

and makes 96 revolutions per minute. What must 
be the difference of pull in the two sides of the belt 
if 26 HP be transmitted by iti 

4. A dynamo machine receives 20 HP, its pulley is 10 

inches in diameter, and revolves 800 times per minute. 
Find approximately the breadth of single belt \ inch 
thick which will drive it. 

5. A belt transmits 8 HP, and travels at a velocity of 

E c 




Fig. 29. 

Diameter of A = 57", B = 36", C = 42", D = 24", 

E = 48", F = 14". 

20 feet per second. Find approximately the breadth 
of single belt ^ inch thick which is necessary. 

6. A line of counter-shafting revolves 150 times per 

minute, and a pulley on it 2 feet in diameter gives 
2 HP to the pulley of a lathe 9 inches in diameter. 
Find the breadth, approximately, of a single belt 
which will do to connect the two. Thickness as in 
Example 4. 

7. A machine which requires 3 HP is driven from a 

shaft which revolves 200 times per minute. If the 
pulley on the shaft is 20 inches in diameter, find 
approximately the proper cross-section for belt. 

8. A dynamo machine runs at 600 revolutions per minute, 

and gives out a current of 80 amperes, with an RM.F. 
of 110 volts. If the efficiency of the dynamo is 80 
per cent., find by the easy rule the proper breadth of 
single belt \ inch thick to use, the dynamo pulley 
being 10 inches in diameter. 
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9. It is required to transmit 6 HP from a pulley 4 feet in 

diameter to one 1 foot 6 inches in diameter by means 
of a belt, the centres of the pulleys being 12 feet ajoart. 
If the larger pulley revolves 180 times per minute, 
and the coefficient of friction between the belt and 
smaller pulley be *35, find the angle of lapping on the 
smaller pulley, its speed, and the breadth of single 
belt g^^ inch thick which will be necessary. 

10. Calculate the cross-sectional area of a belt which will 

give 10 HP to a pulley 14 inches in diameter, which 
revolves 150 times a minute, the angle of lapping 
being 120°, and /t = '4. 

11. It is necessary, in a certain machine, to transmit 3 

HP to a pulley 16 inches in diameter, and revolving 
100 times per minute, by means of a belt which laps 
only 60° on the pulley. Find what is the least 
pull in the slack side of the belt which will prevent 
slipping, the corresponding pull in the tight side, and 
the breadth of single belt -§^ inch thick which will 
drive safely, /x = 0-4. 

12. A rope 6 inches in circumference is moving at 4,000 

feet per minute. What HP will it transmit 1 

Rule for rope belts, N — M = 7*8 Ic*, where c is the 
circumference of the belt in inches. 

13. Rope belting is employed to drive machinery from the 
fly-wheel of a steam-engine the diameter of which is 
8 feet. If the roi)es employed are 5 inches in cir- 
cumference, how many of them will be required to 
transmit 120 HP, the fly-wheel making 96 revolu- 
tions per minute ? 



ANSWEES. 



1. 912 revolutions per minute. 

2. 114 HP. 3. 316-1 lb. 

4. b = 7*66 inches. 6. J = 6-09 inches. 

6. ft =r 1-69 inch. 7. *573 square inch. 

8. Breadth, 7*5 inches. (See Lesson VI., page 30, for measure- 
ment of HP electrically.) 
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9. 9=2*93 radians. 480 reyolutions per minute. Breadth, 1*89 inch. 

10. 3*2 square inches. 

11. PuU in slack side, 454*5 lb. Pull in tight side, 690*84 lb. 

Breadth of belt, 9*56 inches. 

12. 34*08 HP. 13. Answer, 8*4; hence 9 ropes are required. 



LESSON XIII. 

LENGTHS OF BELTS. 

For crossed belts tlie length L is given by the rule — 
(1) L = (D + cQ (f -i- ©) + 2c cos 6, where B may be found 



from the fact that sin B = 



2c 



(In finding -+ 6, it 



must be remembered that 6 is expressed in radians. 
6 in degrees X '0175 = in radians.) (Fig. 30.) 




For open belts — 

(2) L = (D+cO^+2c{l -^^JJ^] isavery close 

approximation, and is the rule usually employed. 

In designing stepped cones to work with a crossed belt, 
it is only necessary to have the sura of the diameters oj 
two corresponding steps a constant quanJtii/y in order that 
the same belt may work on all the steps. For an open 
belt the calculation is more difficult. 

Let S represent the sum of the diamet^ers of two 
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corresponding steps, 5 their difference, n the speed of one 
driven step, and let these quantities for successive pairs 
of steps, 1, 2, etc., be distinguished by the suffixes 1, 2, 



D,x 



xD, 



-z 



rN 



(/,- 






r v<»lu- 
tii.ni* pjr 

iiiiiuiCfl, 
coiistnnt 



n. 



n. 



Fig. 31. 



etc., as in the sketch (Fig. 31), then, since L is constant, 
it is easy to show that — 

(3) Sg = Si + ^o ^ J ' Combining this with the rule 



for speeds— 



2vc 



Bj N = <?i Wi 
and Dg N = ^3 Tig 



Dg — d^ 



«2-N 



' ' Da + ^2 »2 + N 
(the quantities Dj, N, ^i^, and ^ are here supposed given), 

(4) We get D,-d,= S,= Q^^) S3, whence (3) 



becomes 



'2 

(5) S3 = S, + ^^3 _ ^^J^) S,3. This gives a quad 



2irc 



ratio for Sg, which, being found, can be used in (4) 
to find ^2, and hence Dg and d^. The practical rule 
given by TJnwin is — " Calculate the diameters D^ and 
Sgas if for a crossed belt, then taking 3jj=:the difference 
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of these diameters, find the value of Sg by equation 
(3). From that value of Sg re-calculate the diameters 
Dg and d^y using equation (4) and the rule for speeds." 
This process may be repeated till the answer is 
obtained with sufficient accuracy. The rules given 
are of course true for any two successive pairs of 
steps. It will easily be seen that Sg + ^2 ^^ ^ -^s* 
and S3 — ^2 = 2 efg, etc. 

Example, — Two shafts are 10 feet apart. On one 
shaft, which rotates at the constant speed of 150 revolu- 
tions per minute, is a stepped cone, the largest diameter 
of which is 3 feet ; this drives the smallest step of a 
similar pulley on the other shaft by means of an open 
belt. Find the diameters of steps which will cause the 
driven shaft to revolve at 200 and 60 revolutions per 
minute, and which will work with the same belt. 

First find the diametera as for a crossed belt. Let 
the diameter of the given step be called D^, the next 
diameter on the same pulley Dg, etc., corresponding steps 
on the driven shaft being denoted by d^, d^ etc. 

From rule for speeds — 

D, 200 4 
D,xl60 = rf,x200.-.^=- = -. 

3 
But Dj = 3 feet .. d^z=^- x 3 = 2-25 feet. 

Also (a) — 

Da + <?2 = l>i H- ^1 = 5*25 

(using the rule for crossed belt). 



And Da ^ 1^^ — d^ X 60 


D3 60 2 
^3 150 ^ 5 




orDg — ^2 X r 
5 



Substituting this value in equation (a), we find 

^2(1 + l) = 5-25, 



5-25 X 5 
or d^ = — - — = 3-76 feet, 

• . Dj = 5-25 - 3-76 = 1-6 foot 



=(' 
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But these values are not correct for an open belt. 
We now proceed to correct them. Assume that 
6?2 - Dg = ^3 = — 2*25 is not far wrong; use this value 
to find §2 (= Dg + d.2) from equation (3). 

_. _^ C75)^- (2-25)^ 

K = o-2o + • 

^ 6-2832 X 10 

•5526 - 60625 

= 6-25 + 

^ 62-832 

= 5-25 - -07178. 

. • . S, = 5-1782. 

Put this value into equation (4) to find a new value of 

I,. Thus— 

'60 - 150\ , ,^^„ 

.•.«.,= - ^ X 6-1782 = - 2-2192. 

7 

We have now obtained values of Sj and ^^ c(yi*rected once. 
To correct again, use the last value obtained for l^ in 
equation (3) to find Sg. 

(•75)8 _ (2-2192)2 

So = 5-25 +  ^ ^^\^^ = 5-25 - -06959 = 61804. 

62*832 

.•.«»=- I X 6-1804 == - 2-2201. 

7 

Whence S, + Jg = 5-1804 - 2-2201 = 2^9603 = 2 D^. 

. • . Da = 1-48 feet, 
and 2 <L = 82 — «2 = 6^1804 + 2^2201 = 7*4005, 
and . • . ^ = 3^7 feet, corrected twice. 

It may seem that these corrections are so small that 
they might be neglected ; but probably these small cor- 
rections in diameter, if neglected, would prevent the belt 
from working well on any except one pair of the steps. 
The same method may be employed to find other diameters 
D3 and rfg from the now known values of Dg and d^. 

Numericcd Examples. 

1. The centres of two pulleys, 3 J and 1^ feet in diameter 
respectively, are 10 feet apart Find the length of 
crossed belt required. 
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2. Two pulleys whose diameters are 4 and 2 feet 

respectively, their centres being 8 feet apart, are 
connected by an open belt, find the length of belt 
necessary. 

3. Suppose the coned pulleys (with 2 steps each) shown 

in Fig. 31 had the following data : Dj = 4 feet, 
f^j = 1^ foot, N = 100 revolutions per minute, 
rii = 266*6, n^ = 80, c = 8 feet. Find the remaining 
diameters, the belt being open. 

4. The centres of two shafts are 8 feet apart. On these 

shafts, pulleys of 14 inches and 10 inches diameter 
respectively are keyed. Find the length of crossed 
belt required to connect the two pulleys. If the 
14-inch pulley formed the smallest step, and the 
10-incli pulley the largest step, of two coned pulleys 
respectively, and if the 14-inch pulley is on a shaft 
which rotates at the constant speed of 150 revolutions 
per minute, find the diameters of the remaining three 
steps of each cone, the required speeds of the driven 
shaft being 210, 300, 400, and 500 revolutions per 
minute. 

5. A counter-shaft revolves at 150 revolutions per 

minute. On this shaft is a stepped cone, which 
drives another stepped cone on a machine by means 
of a crossed belt. If the diameter of the smallest 
step of the pulley on the counter-shaft is 6 inches, 
the diameter of the corresponding step on the machine 
being 15 inches, find the diameters of the remain- 
ing three steps of the two cones. The required 
speeds are 60, 120, 200, and 250 revolutions per 
minute. 

6. A shaft revolves at the constant speed of 264 revolu- 

tions per minute. On this shaft is a stepped cone, 
with four steps, driving a similar cone on another 
shaft by means of an open belt. If the diameter of 
the largest step of the cone on the driving shaft is 
23|^ inches, and the driven shaft is to go at 531, 324, 
266, and 149 revolutions per minute respectively, 
find the diametei'S of all the remaining steps. The 
centres of the shafts are 9 feet 7 J inches apart. 
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ANS WE RS. 



1. Length of belt, 28-48 feet. .2. Lengthof belt, 25-55feei 

3. Da == 2-496 feet, d^ = 3-120 feet. 

4. Length of belt, 19-267 feet. 



6. 



Da = 16 



inches. 



<^2 = 



8 



>> 



>». 



n 



»> 



>> 



Dj = 17-45 

rfj = 6-55 
D4 = 18 46 

d^ = 5*54 

D2= 9-335 inches. 
<for= 11-66 

/?3= 9 
D4=: 13-125 
^4= 7-875 



The diameters of the pulley on 
the shaft which rotates with 
constant speed are distin- 
g^oished by capital letters. 

6. dx = 11-86 inches 
Do =r 19-596 

d^ = 15-963 
D3 === 17-84 

d.^= 17-706 
D4 = 12-873 

^^4 = •22-809 „ 
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LESSON XIV. 



DYNAMOMETERS. OR WORK-MEASURING MACHINES. 

A " DYNAMOMETER," as the name implies, is a " measurer 
of force," and the older forms of this apparatus were 
somewhat similar to our spring-balance. Modern dynamo- 
meters are meamirers of energy, and may be divided into 
two classes : absorption and transmission dynamometers ; 
the former wasting the energy by friction whilst measur- 
ing it, the latter transmitting it without much waste. If 
a record of the time, during which a given amount of 
energy is wasted or transmitted, be kept, the instrument 
may be used to measure power, and it is to this purpose 
that most modern dynamometers are applied. 

ABSORPTION DYNAMOMETERS. 

The following rule will give the power ahsorhed by 
any absorption dynamometer in which the energy is 
wasted by the friction of a brake-block or strap on a 
pulley, viz, : — ^The algebraic sum of the moments of all 
the externally applied forces, taken about the centre of 
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the brake-pulley and measured in pound-feet, multiplied 
by the angular velocity of that pulley in radians per 
minute, and divided by 33,000, gives the HP. 

The Prony Brake, — One of the best-known and most 
widely used of absorption dynamometers is the Prony 
brakes It was invented about the year 1820 by Piobert 
and Fardy, but improved and brought into successful use 
by Prony. There are many modifica- /^"^ 

tions of it in use, but the form shown in j J 

Fig. 32 will best illustrate the character- 
istic features of the instrument. It con- 



A 




Fig. 82. 

sists of a beam A B to which one of the bi-ake-blocks 6 6 is 
fastened, the other being fastened to a similar but shorter 
beam, and both pressed against the rim of the brake- 
pulley (which should be strong and truly cylindiical, and 
which rotates as shown by the arrow, being driven by the 
motor to be tested) by the screws 8 s, which can be 
tightened during the test till the beam just floats in the 
horizontal position and midway between the two stops 
n n. In this position the moment of the total friction 
between the brake-blocks and pulley is just balanced by 
the moment of the weight W, the beam itself being 
counterpoised by a weight shown in dotted lines. The 
moment of the weiglit W is W x R, hence if W is in 
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pounds anct K in feet, the UP absorbed is given by 
the rule, 

33000 

where n is the number of revolutions the brake-pulley 
makes per minute. The dash-pot D is attached to a wall 
or some separate support, and is filled with oil or other 
fiuid, its object being to still the vibratious of the 
beam A B. 

Carpentier'g Dj/namomeler. — Ingenious methods have 
been adopted in order to make a dynamometer automa- 
tically adjust itself to varia- 
tions in the coefficient of 
friction between the rubbing 
surfaces. Among these, that 
adopted by M. Carpentier 
(Fig. 33) ia noteworthy. Tlie 
shaft t, conveying the power 
to be measured, carries two 
pulleys, A being fast and B 
loose on the shaft. The 
pulley B has a flange F, in 
which is fastened the centre 
of a rope which is coiled 
round the two pulleys in op- 
posite directions as shown, 
and which bears two un- 
equal weights W and w. The 
rig. 33. direction of rotation is such 

as to lift the larger weight if 
the rope does not slip on the pulley A. If an accidental 
increase of friction does take place, the *eight W is 
lifted, and the amount of lapping of the belt on A, and 
hence the total friction is diminished ; so that there is 
always just sufBcient rope on A to cause a steady waste 
of all the energy supplied. The weights W and w are 
carefully adjusted, so that the automatic adjustment will 
only ha^e to compensate for artiali changes of friction 
or of energy supplied. 
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Raffard's Dynaniometer is on the same principle— is, 
indeed, a modification of Carpentier's. In it the larger 




Fig. 84. 



weight, instead of being fastened directly to the belt or 
rope, is hung from one end of a lever with equal arms, 
the belt being fastened to the other end. This arrangement 
will readily be understood from an inspection of Figs. 34 



Looae 



Fa$i 



Loone 



]e 



le 



1 

Fig. 35. 

and 35, which are respectively an elevation of the 
appai'atus and a plan of the pulleys. The weight w 
(Fig. 34) hangs from the belt/ which takes one half turn 
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over the top of the fast pulley, and is fixed to the cross- 
bar d d (Fig. 35) ; two other belts e are fixed to </, 
lapped over the lower half of each loose pulley, and are 
then attached to the end of the lever G H (Fig. 34), 
from the other end of which the larger weight W is 
suspended. The motor to be tested is coupled directly 
to the shaft, which carries these pulleys, by means of 




M 



J4 




Fig. 86. 

a universal joint. The rule for calculating HP, in 
this and the last apparatus, is the same as the rule 
already given for the Prony brake, except that the net 
load W — to is substituted for W, and R is the radius of 
the pulleys. 

Ayrton and Ferry* 8 Ahaorption Dynamometer, — A 
much simpler and equally effective method of adjustment 
has been devised by Professors Ayrton and Perry. It is 
shown in Fig. 36. The belt or rope is of unequal 
roughness — shown as unequal thickness in the figure-^ 
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and as the coefficient of friction diminishes by the 
wearing of the surfaces of the belt and pulley, a rougher 
portion of the belt is drawn on to the pulley and the 
friction again automatically increased. The pulley is 
generally a flat one with projecting flanges, and the belt 
employed an ordinary leather or cotton belt, the necessary 
roughness being obtained by lacing the belt with a 
rough thong or lace. The rule for HP is the same as 
in the last case. 

The Appold Brake. — This dynamometer of Messrs. 
Amos and Appold, which was formerly used in testing 




Fig. 87, 



engines at the Royal Agricultural Society's shows, has 
attracted considerable attention. 

Its very ingenious automatic adjustment will be 
understood from an examination of Fig. 37. 

It will be seen that there is a screw S at one side for 
adjusting the brake-strap P to the proper tightness. The 
automatic adjustment is by means of the bent lever K, 
which, if the friction becomes a little too great, moves 
round a little in the direction of the arrow-head about the 
pivot X, the weight W being lifted. The point B, bein<y 



70 



NUMERICAL EXAMPLES 



farther from the pivot than C, moves farther, hence the 
effect is the same as if the brake-band had been lengthened; 



d 



i^Lii 







Fig. 88. 



the friction between it and the pulley being correspond- 
ingly diminished. There is, therefore, always a tendency 
to return to a condition of equilibrium ; for should the 



Pointer 




ScMm^s katance 



VJ - putt recorded 
by balance. 



Fig. 39. 



friction become less, the opposite effect is produced. This 
is a very ingenious arrangement, but it h£is been pointed 
out that there is an umneasured force at the point X, 
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which is greater the more the compensating iiBver comes 

into play ; hence the indications cannot be relied on for 

accuracy. If, however, the compensating lever is 

arranged as shown in Fig. 38, all the forces can be 

taken into account. If things are so adjusted that the 

lever floats midway between the stops, the power absorbed 

is given thus : — 

(W X R - «t) 2ir» 



HP = 



33000 



In recent tests of engines, conducted with great care, 
simpler forms of dynamometers, such as those shown in 
Figs. 39 and 40,* were used. The reader will have no 
difficulty in understanding the action of each from an 
inspection of the figure. The brake-strap or rope may 
lap either half or completely round the pulley to which 
the power to be measured is supplied. The rule for 
both of these cases is 

(W — le?) r X 2ir» 



HP = 



3S000 



W and w being measured in pounds, r in feet, and n 
in revolutions per minute. These brakes are easy to 
construct, work well, and give accurate results. The 
foregoing dynamometers are usually employed to measure 
the power given out by prime movers and motors, such 
as steam- or gas-engines, electro-motors, etc. On the 
other hand, 

TRANSMISSION DYNAMOMETERS 

are generally used to measure the power given to power- 
absorbing machines, such as dynamos, pumps, etc. Some 
of them can, remain in position permanently, so as to 
show at any time the amount of power passing through 
them to one or a number of machines. 

Ayrton and Ferry* b Dynamometer Coupling. — Such 
an apparatus is the dynamometer coupling of Professors 

* Fig^B. 39 and 40 are, by kind permission, copied from the report 
on Mr. W. W. Beaumont's paper on "Friction-Brake Dynamometers '* 
in the Minutes of Proceedings of the Institution of Civil Engineers, 
vol. xcv. 
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Ayrtoii and Periy. As shown in Fig. 41, it is really a 
coupling for connecting two lengths of shafting — not 
Hgidly, as is usually the case, but through the medium 
of spiral springs, which yield and allow a certain amount 




Pig. « 

of angnlar motion of the one half of the coupling or one 
length of sliaft, relatively to the other. This yielding or 
relative motion is magnified in a moat ingenious way, 
whicli, however, is somewhat difficult to understand from 
the diagram. TIte bar D, instead of being as shown, is 
really fastened to tlie /urUier half of the coupling, and a 
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pin from it engages a little link tliat acta on the light 
pointer £ pivoted at F. The direction of rotation is tJiat 
shown by the arrow, and the 
further length of shaft tends 
to get in advance of the 
nearer when power is being 
transmitted ; hence the bar 
D pulls the end B of the 
pointer in nearer the centre 
of the shaft aa the amount 
of power transmitted be- 
comes greater. The pointei 
at B carries a bright silvered 
bead, which, rotating ] 
the blackened diso A, seems 
to describe bright circles ; 
and a scale arranged in front 
of the pointer gives the ra- 
dius of that circle — 
i-ather, shows the distance, 
radially, of the circle the Fig. 4i. 

bead describes from that de- 
scribed by it when no power is transmitted. The read- 
ing on the scale, then, is a measure of the HP (really 
the torque or turning moment) transmitted if the speed 
of the shaft is known and constant. 

Smith's Transmission Dynamometer or Ergometer is 
a very useful and ingenious instrument. It is shown in 





,R 

ft 



section in Y\g. 42. It consists of a hollow shaft on 
which are mounted two pulleys, D fast and O loose on 
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the shaft. The pulley D has attached to it the bearings 
for a bevel-wheel H, which gears with two others, K and 
M, the bearings of which are fixed to G. Wheels K and 
M have each a little drum attached, on which steel wire 
is wound in opposite directions in the two cases, the wire 
being attached to a cross-bar L passing through a slot in 
the shaft, this cross-bar being feistened to the end of a 
spiral spring A occupying the centre of the hollow shaft. 
Pulley D receives the power by a belt, and G gives it off 
after measurement. When power is transmitted, the 
pulley G tends to lag behind I), and this relative motion 
of the pulleys causes a relative motion of the bevel- 
wheels ; K and M moving round on H and winding up the 
steel wire, therefore elongating the spring. This elongation 
is really a measure of the torque applied to the shaft, and 
is shown by the pointer on the dial Q, the speed of the 
shaft being given by the speed -indicator B. Hence the 
two factors of HP, torque and speedy are given, and the 
HP is obtained by multiplying the two readings together 
and dividing or multiplying by a constant number, which 
has been determined for the particular apparatus. This 
dynamometer has the great advantage over some others 
of giving the HP at any speed without the necessity of 
introducing a correction. 

Hefner- Alteneck^ 8 Belt-tension Dynamometer,. — This 
dynamometer was first brought to public notice in Great 
Britain in 1879. It is designed^ to measure the difference 
of the pulls in the two sides of a belt which transmits 
power. The principle of the instrument will be under- 
stood from Fig. 43, which, however, is only diagrammatic. 

The pulley A receives the power and drives the 
pulley B by means of a belt, which is deflected over the 
guide-pulleys C and D, mounted on a frame which is 
guided to move vertically. The lower half of the belt 
being the tighter portion — since A drives in the direction 
shown — there is a tendency to move the frame F, carrying 
the guide-pulleys, downwards against the pull of the 
spiral spring S, the nut N of which is tightened till the 
pulleys assume a symmetrical position, as in the figure. 
When a larger amount of power is transmitted, it 
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takes a greater pull in the spiing-balance to keep the 
guide-pulleys in the proper position ; in fact, the pull 
recorded in the spring-balance is a measure of the HP 
transmitted at any constant speed; in reality it measures 
the difference of pull in the two sides of the belt, which 
the reader is already aware is proportional to the 
HP transmitted, if the speed does not vary. The 
actual form of the instrument is different from that 
shown, but the figure illustrates the principle on which 
it acts. An instrument very similar to that shown in 




Fig, 43. 

Fig. 43 has been used with supcess by Professor Elihu 
Thomson, of the United States, in measuring the power 
given to dynamo machines. In that case Professor 
Thomson suspended the frame F from the short arm of a 
lever the longer arm of which carried a movable weight. 
The lever was graduated so that the position of the 
movable weight indicated the HP transmitted at a 
certain speed. 

FrovA^B or Thornycrqf^s Dynamaineter, — This belt- 
tension dynamometer is shown diagrammatically in Fig. 
44. The balancing pull is here applied to the belt, not at 
right angles to its length, as in the last dynamometer de- 
scribed, but parallel to it. The driven pulley D rotates, as 
shown by the arrow, hence the upi)er is the tighter side 
of the belt. Let N be the tension in the tight, and M that 
in the slack side, both in pounds ; then two pulls N in 



76 



NUMKRIOAL KXAMPLES 
TV 





N8 

s 



the belt on different sides of the small pulley A are 
nearly equivalent to the pull 2 N at the centre of the 
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Si 

pulley. Hence from the equilibrium of the forces 
shown, P being the adjustable balancing force ; 

PxJ = 2Nxa-2Mxa. 

= 2 a (N - M) 

or N — M = — > 

2a 

and as before 

(N — M) vel. of belt in feet per minute ,t^ , ., , , 

— — = HP transmitted. 

33,000 

In the above calculation friction is neglected. The 
pulls are not quite equal on both sides of each [)ullej, but 
the result is nearly right, and friction can be obtained 
only by experiment. Many modifications of this dyna- 
mometer have been used both in Great Biitain and in 
America. 

The student will gain much useful information by 
studying the way in which the elementary laws of 
mechanics are applied in the various machines described.'^ 

Numerical Examples, 

1. A Prony brake is used to measure the useful HP of a 
certain steam-engine, the testing pulley being keyed 
on the crank-shaft of the engine. It is found that 
there is equilibrium when a weight of 102 lb. is 
suspended from the lever, the centre of gravity of 
this weight being 8 feet from the centre of the pulley. 
If the speed of the shaft is 98 revolutions per 
minute, find the useful HP. 

S. A Raffard (Carpentier) dynamometer is used to 
measure the power given out by an electro-motor. 
If the weights W and w (Fig. 34) are 68 and 20 lb. 
respectively, the diameter of the brake-pulleys being 
14 inches, and their speed 1,200 revolutions per 

* For a fuller treatment of this subject the student is referred to 
the "Proceedings of the Institution of Civil Engineers for 1889," the 
Electrician for 1883-84, and the Medianical World for 1889. 
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minute, find the useful HP of the motor. If the 
motor receives a current of 62 amperes at a pressure 
or electromotive force of 100 volts, find its efficiency. 

Referring to Fig. 34 it will be seen that the lever G H 
has equal arms, hence it serves merely to transfer the 
force due to the weight W to the belts at e^ the dimensions 
of this lever not entering into the calculation. 

The dynamometer really consists of a fast pulley 
with a belt lapped half round it, one end being pulled by 
a force of 68 lb. , and the other by a force of 20 lb. 

The efKciency of the motor is the ratio of the power it 
gives out to that which it receives. 

3. The HP of an engine is measured by a simple dynamo- 

meter, such as that shown in Fig. 36, the weights 
being 210 and 30 lb. respectively, and the speed of 
the pulley 150 revolutions per minute. If the mean 
radius of the circle described by the centre of the 
rope or belt is 2 J feet, find the useful power of the 
engine. \ 

4. In using the modifidation of the Appold brake, shown 

in Fig. 38, it was found that there was equilibrium 
when the larger weight was 118 lb., its distance 
from the centre of the shaft being 2 feet 3 inches ; 
the smaller weight being 20 lb., and its distance 
4 feet 8 inches ; and the speed of the brake-pulley 
216 revolutions per minute. Find the power 
absorbed. 

5. In testing the efficiency of a certain machine, the 

power it received was transmitted through a Smith's 
transmission dynamometer ; and it was noted that 
the dynamometer showed a torque of 480 pound-feet, 
and a mean speed of 178 revolutions per minute. 
Find the power transmitted. 

6. By means of a Jlefner-Alteneck^s belt-tension dynamo- 

meter, it was found that the diffisrence between the 
pulls in the two sides of a belt which transmitted 
power was 188 lb., the diameter of the pulley driven 
by the belt being 15 inches, and its speed 280 
revolutions per minute. Find the amount of power 
transmitted by the belt. 
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7. In the dynamometer used by Prof. Elihu Thomson, as 

described at page 75, if the short arm of the lever 
carrying the movable weight was 1 foot, the weight 
of the lever itself being counterpoised; and if the 
angle between the two portions of the belt at each 
carrying pulley is 120°, find — neglecting friction — 
the distance apart of the graduations on the lever, 
each of which represents 1 HP at a belt-speed of 
2,500 feet per minute, the movable weight being 
201b. 

8. In a dynamometer similar to that shown in Fig. 44, 

b was 32 inches, a 16 inches, P 40 lb. The speed 
of the driving pulley D was 200 revolutions per 
minute, and its diameter 4 feet. Find the HP 
transmitted. 
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1. 16-23. 2. 6-4 HP, nearly. Efficiency, 77 per cent. 

3. 12-8. 4. 7-08 HP. 5. 16-26 HP. 

6. 6-26 HP. 7. Distance, -66 foot. 8. 304 HP. 



LESSON XV. 

STRENGTH OF MATERIALS. 

" Stress " is the mutual action believed to take place 
between two bodies in contact, or between the par- 
ticles of a body subjected to load. Stress is generally 
measured in terms of applied force, and expressed as the 
force per unit area of cross-section, in such a case as that 
of a piece of material subjected to pulL The stress in 
this case is tensile stress. 

A short pillar supporting a load is subjected to 
stress of a similar kind if the load acts pei'fectly in the 
axis of the pillar ; the stress in this case being termed 
compressive stress. 
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A third kind of stress is that due to a tangential 
force. The particles in this case are subjected to a 
mutual sliding action ; this is called s^iear stress, and the 
resulting action is termed altea/ring. A ])late of iron 
whilst being shorn in the shearing machine is subjected 
to this stress. 

Another kind of stress is that experienced by a body 
which is subjected to a uniform pressure, of the nature 
of fluid pressure, all over its surface. A small block of 
material immersed in the water in an hydraulic press has 
this kind of stress. It may be called hydrostatic, or 
volumetric, stress. 

Hooke, about the year 1676, first enunciated his 
celebrated law, deduced fi-om certain experimental 
observations — the law being that, within the limits of 
stress for which the material is perfectly elastic, — 

Stress is proportional to Strain. 

For tensile or compressive stress and strain, this law 

becomes 

Stress := E X strain, 

where E is a coefficient called ** Young's Modulus of 
Elasticity." 

For shear stress and strain, the law is — 

Stress = N X strain, 

where N is the "modulus of rigidity," or modulus of 

torsional elasticity of the stuff. 

For the remaining kind of stress and strain referred 

to, the law is — 

Stres3 = K X strain, 

where K is the "modulus of cubic compressibility." 

All these moduli are generally, in Britain, expressed in 
lb. per square inch ; in other words, the modulus is really 
that stress which would produce unit strain if the stuff 
remained elastic. For instance, in the case of a tie-rod 
the modulus E is that tensile stress which would make 
the elongation equal to the original length if we can 
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imagine any material as being elastic for such a high 
stress. Of the three moduli, that of most importance 
in engineering calculations is Young's modulus. The 
following table gives average values of the moduli for a 
few materials' : — 

Moduli of Elasticitt. 



Material. 


E. 


N. 


E. 


Iron, cast 

( 


17,000,000 
27,000,000 


6,300 000 
) 


14,000,000 ' 


„ wrought < 


to 
29.000,000 


J 10,500,000 


2o,ooo,ooa 


Steel, mild 


30,000,000 


11,000,000 




„ tempered { 


33,000,000 


13,000,000 




to 


to 


26,000,000 


I 


36,000,000 


14,000,000 




Bmss 


12,000,000 


3,500,000 




Copper 


15,000,000 


5,600,000 


24,000,000 


Phosphor bronze 


13,500,000 


5,400,000 


— 


Aluminium ,, 


14,800,000 




— 


Gun metal ... 


11,500,000 






Wood, yellow pine 


1,400,000 


90,000 




„ pitch pine 


2,000,000 






„ oak 


1,800,000 


82,000 


— 


Water 






300,000 



ULTIMATE AND PROOF STRESSES. 

The tdtimate stress, or strength, of any material is 
the intensity of stress, of any given kind, required to 
produce fracture. It is estiniated as if the section of 
the material remained of the same size up to breaking, 
which is not the case, as the section, in the case of tensile 
stress for instance, usually diminishes before fracture 
takes place. 

The proof stress, or elastic strength, of any material 
is the greatest stress the material will bear repeatedly 
without taking a "permanent set," or without per- 
manently changing in shape. 

The working stress is that stress which is considered 
permissible in practice, and is usually found by dividing 
G 
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the ultimate or breaking stress by a number called the 
fdctor of safety. 

The student may wonder why engineers do not take a 
certain fraction of the elastic stress as the safe working 
stress. Under the heading ''The Elastic Limit*' the 
editor of Engineering^ some time ago gave an excellent 
answer to this question. He showed that the method has 
been, to a certain extent, discredited by experimental facts. 

Wohler, in and since 1871, made experiments on the 
effect of " live " loads. He put on and took off successively 
certain loads for a great number of times, and it was found 
that in every case the breaking stress was much below that 
for a steady quiescent load, and that, in fact, if one designed 
a piece from the elastic stress for quiescent loads, it is 
possible the piece might break much below that limit if the 
load changed its nature. The elastic limit is really a 
variable thing depending on the nature of the load. 

Another reason is, there are several elastic limits for the 
same material. Thus there is, first, the maker's clastic 
limit for the material as it comes from the rolls ; second, 
the real elastic limit of the stuff after being brought to a 
'* state of ease" by taking out the initial strains; and, 
third, the elastic limit when the piece is loaded in various 
ways, which will depend on the load. 

Professor Bauschiuger clearly pointed out that the elastia 
limit changes with the previous history of the specimen^ and he 
made some most important experiments to find whether 
raising the elastic limit in tension^ by subjecting the piece 
to loads slightly exceeding that limit, had any effect on the 
elastic limit for compression. He found that raising the 
former depressed the latter, and if the stress were repeatedly 
alternated the elastic limit took up a position about midway 
between the two limits, but at a mvch lower point than for 
quiescent loads. Straining a bar slightly beyond one 
elastic limit does not seem to hurt it much ; it is straining it 
beyond its two elastic limits which produces the evil result. 
If the true elastic stress for the kind of stress to which a 
bar is going to be subjected were known, no doubt the 
'* elastic limit" method would be the proper one to adopt; 
but in the present state of our knowledge engineers are not 
far wrong to adhere to the older and more certain method. 

Our knowledge of the ultimate and elastic stresses 
which will be borne by materials such as iron and steel 
is largely due to experiments which have been made by 
the aid of testing machines such as that shown in Fig. 45, 
which is a " Wicksteed single lever " machine capable of 

* Engineering^ August 7th, 1891, 
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applying a pull of 100 tons to the specimen. The 
specimen a is connected by proper gripping arrange- 
ments, g g, at one end to the short arm of a strong lever 
L, the fulcnim of which is nearly over the centre of the 
strong central support, and at the other to a powerful 
cross-head connected with the ram of an hydraulic press. 
It may be said, therefore, that the pull on the specimen 
is produced by the pumps which work the press, and 
balanced by the pull due to the movable weight W. 
This weight can be moved along the lever by a screw and 
worm-wheel (not shown), the screw being worked by the 
spur-wheels m n driven through bevel wheels h, either by 
steam-power from the pulley P, or by the hand -wheel H. 
The zero position of the movable weight is shown by the 
shaded disc, the lever L balancing about the fulcrum 
when the weight is in this position. The standard R 
prevents too great a descent of that end of the lever 
when the specimen breaks. The machine can be arranged 
for compression, torsion, and bending tests, in addition 
to the tension adjustment shown in the figjire. I am 
indebted to the makers, Messrs. Buckton <fe Co., of 
Leeds, for the view shown in Fig. 45. 

Space does not permit a description of other testing 
machines which have been employed for important tests. 
Many of these differ only in detail from that described. 
In small machines the hydraulic press is often replaced 
by a screw worked by a worm and worm-wheel which is 
actuated either by hand or power. In other machines, 
again, the "diaphragm" principle is adopted, i.e., the 
pull is applied to the specimen through a cross-head 
connected with the flexible end of a short wide cylinder, 
containing a fluid such as water, the pressure of this 
fluid affording a ready means of indicating the load or 
stress. The student is referred to the " Minutes of Pro- 
ceedings of the Institution of Civil Engineers " for further 
information on this subject. 

The following table of stresses has been compiled 
from average values stated by various authorities — 
mainly those given in the newer editions of some of 
Professor Unwinds works : — 
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Ultimate and Elastic Stresses. 


* {Pounds per sqvare 


inch.) 




Breaking Stress. 


1  

1 Elastic Stress. 




Tension. 


Com- 
pression. 


Shearing 
40,000 


Tension. 


Com- 
pression. 


Shearing. 


Wrought-iron bars . 


53,000 


50,000 


30,000 


30,000 


22,000 


„ „ plates 


48,000 




:i6,000 


24,000 


24,000 


15,000 


>» it Wire . 


78,000 












Steel (mild) plates . 


70,000 


— 


54,000 


42,000 




43,500 


,, cast, Tintmprd. 


118,000 






80,000 


80,000 


64,000 


„ „ tempered 








190,000 


190,000 


145,000 


„ „ piano-wire 


300,000 




— 








Cast-iron 


19,500 


94,000 10,500 


tl0,500 


21,000 8,000 


Copper, cast 


21,000 


58,000 








„ plates 


31,000 


-- 




5,600 


4,000, 3,000 


,, wiTe 


51,500 






— 




— 


Brass 


23,000 


— 


— 




— 


— 


„ wire 


50,000 


— 










Phosphor bronze . . . 


58,000 
74,000 




43,000 


19,500 

1 


— 


14,500 


„ „ wire I 


to 
150,000 












Gun metal 


34,000 






6,200 


_ 


4,200 


Delta metal, cast . . . 


36,000 


— 




17,000 


— 




„ „ rolled . 


74,000 




— 


51,000 


— 


__ 


Wood,along thegrain 














( to 


13,000 
6,500 


7,000 
3,500 


jeso 


^- 


— 


— 


V/HK ,, , ••• ... 


15,000 


10,000 


2,300 






— 



Factors of Safety. 



Material. 



Wrought-iron and steel 

Cast-iron 

Timber 

Brick-work and masonry 



Dead, or steady, 
constant load. 



3 to 4 

4 to 6 
7 

20 



Live or varying 
load. 



5 to '8 :t 

6 to 10 
10 to 15 
30 



Structures sub- 
jected to shocks. 



10 to 12 
15 
20 



 These values are averages obtained, in some cases, between 
rather wide limits. The safe working stress can be obtained by- 
dividing the ultimate stress by the proper factor of safety. For 
more detailed information, consult firoiessor Unwinds "Machine 
Design." 

t It is doubtful whether cast-iron has any proper elastic limit. 

Z The higher number refers to alternating strMses. 



86 NUMERICAL EXAMPLES 



Stress 



TENSILE AND COMPRESSIVE STRESS. 

Total load in lb. 

Area of right cross-section in square inches 



Example. — A wrought -iron bar used as a tie-rod has 
to withstand a pull of 20 tons ; find the proper area of 
its cross-section from the limits of stress given in the 
table on page 85, and using 5 as a factor of safety. If 
the section of the tie-rod is circular, find the diameter 
of the circle. 

Referring to the table, the ultimate stress for wrought- 
iron bars is 53,0vK) lb. per square inch ; hence, the safe 

stress is —^ , or 10,600 lb. per square inch. 

Total load 

= stress = 10,600, 



Area of section 



_ 20 X 2,240 . ^ 

^r, rrr— = area required. 

' 10,600 ^ 

Hence, the required area is 4*2 square inches. 

Note. — The following is a convenient rule for finding the 
diameter of a circle of which the area A is given : — 

rf= M28 </X= li v/X nearly; 

in this case d = M28 -v/ 4-2 = 2*312 inches. 

Numerical Examiyles. 

1. A weight of 60 lb. is suspended by a wrought-iron 

wire ; find the diameter of the thinnest wire which 
can be used with safety, the factor of safety being 
as in the last example. Breaking stress, 78,000 lb. 
per sq. inch. 

2. The total force on a chisel is 56 lb., the area of the 

edge -^^Q of a square inch. Find the pressure at 
the edge in lb. per square inch. 

3. A wrought-iron tie-rod has to withstand a pull of 

20 tons. If the safe stress of the material is 
10,400 lb. per square inch, find the area of the 
cross-section. If the cross-section is circular, find 
its diameter. 



IN PRACTICAL MECHANICS. 87 

4. The total load on a short cast-iron strut is 10 tons. 
Find the safe area of its cross-section. Safe stress, 
15,500 lb. per square inch. 

6. A wrought-iron pipe, used as a tie-rod, has to with- 
stand a pull of 15 tons. If its internal is f of its 
external diameter, find the proper external diameter. 
Safe stress as in Example 3. 

6. A weight of 56 lb. is suspended by a wrought-iron 

wire. Find the diameter of the thinnest wire that 
can be used with safety. Factor of safety, 5. 

7. A weight of 25*5 lb. is suspended by a wrought-iron 

wire, '082 inch in diameter. Find the stress in the 
wire. Find also the greatest weight that the wire will 
support with safety. Factor as in last example. 

8. What must be the height of a column of cast-iron 

which will, by its weight, produce that pressure at 
its base which would crush a small column of the 
same material] Crushing stress of cast-iron, 94,000 
lb. per square inch. 

9. A wall of brickwork, 3 feet thick, is supported on 

sandstone columns, 9 inches in diameter and 10 feet 
apart from centre to centre. To what height can 
the wall be safely carried, given that the crushing 
stress of sandstone is 4,000 lb. per square inch, and 
using 10 as a factor of safety? 

10. If the columns in the last Example were of granite, 
the crushing stress of which is 7,500 lb. per square 
inch, find the height to which the wall can be 
carried. 

STRENGTH OP CHAINS. 

The following rule for the strength of small chains is 
given by Professor H. S. Hele-Shaw : P=0 A, where P is 
the working pull in lb., A the area of a cross- section of 
the material in square inches, and C a constant = 10,000 
for " single-jack " chain, 20,000 for " double-jack " chain, 
60,000 for welded chain, and 100,000 for American 
** triumph non-welded " chain. 

Professor Unwin gives P = 11,200 cP ss a. safe 
working load for large iron chains, d being the diameter 
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of the iron in inches. The weight of such chain in lb. 
per foot varies from 9 d^ to 9\ #. 

11. Find the working load for each of the kinds of 

chain mentioned, the diameter of the iron being 
•18 inch. 

12. Find the working load for an iron chain, stuff one 
inch diameter. Also for a chain the iron of which 
is If inch diameter. Find the weight of the latter 
chain per foot. 

ANSWERS. 



1. Diameter, *069 inch. 2. 50,400 lb. per square inch. 

3. Area, 4'3 square inches. Diameter, 2'34 inches. 

4. 1*445 square inch. 6. External diameter, 3*66 inches. 

6. Diameter =: '0676 inch. 

7. 4,828*6 lb. per square inch. Greatest safe load, 82-38 lb. 

8. 29,000 feet, nearly. 

9. Greatest safe height of wall, 7'57 feet. 10. 1419 feet. 

11. 254-47, 608-94, 1,27235, and 2,544 7 lb. respectively. 

12. 11,200 and 21,175 lb. About 17 lb. per foot. 



LESSON XVI. 

STRESS AND STRAIN. 
Stress = E X strain. 
Also strain x length = elongation or shortening, accord- 
ing as the stress is tensile or compressive. The lengthen- 
ing will be in the same units as the multiplier " length." 

Numerical Examples, 

1. A wrought-iron tie-rod, 3 J square inches in cross- 

section, is subjected to a pull of 20 tons. Find the 
strain (given E = 29,000,000). If this tie-rod is 
20 feet long, how much will it lengthen ? 

2. Find the elongation of the wire in Example 6, 

Lesson XY., if it is 20 feet long. E as in last 
example. 

3. Find the amount by which the wire in Example 7 of 

Lesson XY., if 20 feet long, will lengthen with 
its load of 25*5 lb. 
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4. Determine the elongation of a steel bar, 2 inches 

square and 40 feet long, when subjected to a pull of 
40 tons (E = 30,000,000). 

5. The diameter of the piston of a steam-engine is 

12 inches, the diameter of its rod 1| inch, the 
length of the crank 12 inches, the length of the 
steel connecting-rod 5 feet, and its diameter 2 inches. 
If the pressure of steam in the space round the 
piston-rod just before motion is 80 lb. per square 
inch, find the lengthening of the connecting-rod, the 
crank being midway between the dead points. If the 
piston-rod is 6 feet long, how much will it lengthen 1 



ANSWEES. 



1. Strain =: '00044. If 20 feet long, lengthening will be 'lOo inch. 

2. Elongation = -128 inch. 3. Lengthening, -039 inch. 
4. Elongation, *358 inch. 

6. Pull in connecting-rod, 9,038 lb. Lengthening of connecting- 
rod, -0057 inch. Lengthening of piston-rod, -00736 inch. 



LESSON XVII. 

ELASTICITY OF BULK. SHEARING. CONNECTION BETWEEN 

MODULI, ETC. 

Change of hydrostatic pressure all over a body's sui'face in lb. 
per square inch = K x cubical strain. 

^ . . , , . change in volume 

UuDical strain = — r-. — ; ; • 

original volume 

Shear stress = N x shear strain. 

„- , . distance moved parallel to fixed plane 

Shear strain = ;: ; ; • 

distance from that plane 

«=--. K==-- --• N = 



Where 



3 (a — 2b) 2 {a + b) 

K is the modulus of elasticity of bulk. 

N „ „ rigidity of the material. 

(Both in lb. per square inch.) 

b is the latci*al strain, corresponding to 
a longitudinal strain a, or a longi- 
tudimil stress of I lb. per square inch. 
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Numerical Eocamples, 

1. Young's modulus of elasticity for wrought-iron is 

29,000,000. K is 20,000,000. Find h. 

2. From the now known values of a and h find N for 

wrought-iron. 

3. Find the new volume of one cubic foot of water after 

being subjected to a pressure of 3 tons per square 
inch in an hydraulic press. K = 300,000. 

4. A cube of wrought-iron, 2 inches in edge, is subjected 

to a hydrostatic pressure of 5 tons per square inch. 
Find its new volume. K = 20,000,000. 

5. A sphere of copper, of 12 inches' diameter, is subjected 

to a hydrostatic pressure whose total amount is 360 
tons. Find its new volume. K = 24,000,000. 

6. A pine beam, 3 inches broad and 1 1 inches deep, projects 

one foot from a wall in which it is firmly fixed, and 
bears a load of 2 tons at its outer end. Find the 
deflection of that end due to shearing alone. 
N = 90,000. 

7. The two halves of a flange coupling, which has to 

transmit 20 HP, are fastened together by 4 round 
wrought-iron bolts. If the centre of each bolt is 
5 inches from the centre of the shaft, and if the 
shaft makes 120 revolutions per minute^ find the 
proper diameter for each bolt. Safe shear stress of 
wrought-iron here taken as 7,800 lb. per square inch. 



ANS WEES. 



\. b = 2. N = 11,523,178. 

112,258,066 ' ' 

3. New volume =- -9776 cubic foot. 

4. New volume, 7*99652 cubic inches. 

6. Old volume, 90478 cubic inches. New volume, 904*7128 

cubic inches. The area of the surface of a sphere 

4 
of radius r is 4 w ;•*. The volume of a sphere = ^ » r*; 
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6. Deflection due to shearing is '018 inch. The following is an 
explanation of the method of working such Examples 
(Fig. 46) :— 

Area of end of beam =i= 33 square inches. 

2x2 240 

Shear stress = ' 1^- per square inch. 

3o 

= N X strain. 

2 X 2,240 ^ . 

. • . = strain. 

33 X 90,000 

motion 
Strain = 




distance from fixed place 

Strain x 12 = motion in inches. 
2 X 2,240 X 12 



33 X 90,000 
7. Diameter, *293 inch. 



= motion = *018 inch. — An8. 



LESSON XVIII. 

STRENGTH OP BOILERS AND PIPES. 

Rule for strength of cylindric shell : — The pressure, per 
square inch, of the fluid inside x diameter of boiler or 
pipe in inches = 2 x thickness of metal x stress material 
will bear in lb. per square inch. 

The general rule is: — "The area of cross-section 
01 vessel, in plane of fracture, in square iuclies x 
pressure of fluid per square inch = area of metal laid 
bare by fracture x stress material will stand in lb. 
per square inch." To show that this is so, imagine 
the vessel shown in Fig. 47 to be subjected to 
internal fluid pressure. Let it be mounted on friction- 
less wheels; then, if we imagine a closely-fitting door 
inserted at B C, the vessel will not tend to move as a 
whola Now let the fluid in the left-hand end escape, 
the vessel still remains at rest. But the total force to 
the left (at right angles to B C) is equal to the pressure of 
the fluid in the end BCD, per square inch x the area of 
the door in square inches, hence this is also the amount of 
the resultant pressure in the opposite direction^ due to the 
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fluid acting on the curved end BCD. This is the force 
causing bursting at B C, the force resisting bursting is 
a fy where a is the area of metal which would be laid 
bare by fracture at B C, and f is the ultimate stress of 
the metal in lb. per square inch. Hence the rule. This 
rule is only applicable when the diameter of the vessel 
is large in comparison with the thickness of the metal. 
Applying this rule to the case of cylindric boilers, 
bursting at a longitudinal diametral plane, the change in 
strength due to the ends being neglected, the length and 
diameter l>eing I and d respectively, the area of metal 




Fig. i7. 

laid bare by fracture would be 2 ^ ^, and the force 
causing bursting p I d, whence p c? = 2 t /, t being the 
thickness of metal and / the breaking tensile stress of 
the material. At a plane at right angles to the length 

of the boiler the quantities are wdtf, and p — d^ respect- 
ively ; in this case the rule would he p d=z i tf, hence 
the boiler is twice as likely to burst in the former way 
as the latter. 

Numerical Eocamples, 

1. A cylindric boiler is 6 feet in diameter, the thickness 
of metal being \ inch. Find the greatest safe 
pressure of the steam, neglectingc weakness due to 
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riveted joints. Safe stress of the material in 
tension, 10,400 lb. per square inch. 

2. If the greatest safe pressure in a boiler is to be 1 20 

lb. per square inch, the diameter of the boiler 
6 feet 6 inches, the strength of the riveted joints 
•58 of that of the plates, the safe stress of the 
material as in the last Example, find the proper 
thickness of metal. 

3. Find the bursting pressure of a spherical boiler 6 feet 

in diameter, the thickness of the metal being i inch, 
and joints neglected. Breaking stress in tension, 
50,700 lb. per square inch. If the riveted joints 
diminish the strength of the boiler 25 per cent., find 
the bursting pressure. Rule, /» c? = 4 if, 

4. In hydraulic mains the inside diameter is 6 inches, 

working pressure of water 700 lb. per square inch, 
safe stress of the metal 3,000 lb. per square inch. 
Find the thickness of metal required. 

Rule for tUclc cylinders : p ~- =/, where p is 

the pressure of the fluid inside, and / the stress the material 
will stand, both in lb. per square inch, D and d being the 
external and internal diameters respectively, measured in 

inches. The rule may be written jy-=.d j^ / ^ ^ -, 

5. If the pressure is twice that given in the last Example, 

find the thickness of metal. 

6. The pipes from an accumulator have to convey water 

at a pressure of 1,200 lb. per square inch. If the 
internal diameter of the pipes is 6 inches, find the 
least external diameter consistent with safety. 

7. Using the rule for boilers, find the ** head " of water 

which will be borne by water-mains 4 feet in 
diameter and 1 inch thick, the safe stress of the 
metal being 3,000 lb. per square inch, and i inch 
being deducted for. want of concentricity in casting. 

Rule. — " Head " in feet -5- 23 = pressure of water in 
lb. per square inch. The t^rm " head " means the vertical 
. height of the surface of the water in the reservoir above 
the level of the pipe. 
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hx d 



8. Taking the practical rule for water-mains r= ^^ ^^^ 

-f i, where t is the thickness in inches, h the head 
in feet, and d the diameter of the pipe in inches, 
find the head of water which will be borne by 
mains 4 feet in diameter and i inch thick. 

9. Find the thickness of pipes, 3 feet in diameter, head 

250 feet. 



ANSWERS . 



1. Safe pressure, 180-5 Ih. per square inch. 

2. Thickness, '77 inch. .,.,*.•* 
3 Bursting pressure, 1,408-3 lb. per square inch. If joints 

considered, bursting pressure will be 1,056 lb. per 

square inch. 
4. Thickness, 0-8 inch. 5. Thickness, 1-97 inch, 

6. Outside diameter, 916 inches. 7. Head, 251-6 feet. 

8 101-56 feet. 9. Thickness, -817 inch. 



LESSON XIX. 

STRENGTH AND STIFFNESS OF SHAFTS. 

Fig. 48 shows a small portion— unit length — of a shaft 

subjected to torsion. One 
section may be supposed 
fixed and the other twisted 
round relatively to it, one 
end of a little column of 
the stuff* moving in the arc 
of a circle about O as 
centre. 

The angle moved 
through relatively to O is 
the angle A O B = 6 ra- 
dians, say. Let the end 
of the little column be a 
square inches in area {a 
being an exceedingly small 
j-ig 48^ fraction); then, if y*is the 
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safe shear stress of the material, f a i& the greatest 
tangential force we may suppose permissible on the end 
of the little column. The moment of this force about 
the centre of the shaft is /a x r, where r is the radius 
A O or O B of the path described by a ; and the sum of 
all such products as this, for all the little columns into 
which we can conceive the shaft to be divided, is equal 
to the total torque applied to the shaft. 

The applied twisting moment, or torque, we may 
denote by M^. We have at once therefore the law — 

(1) Mt=:2/ar. 

The distance moved by the end of the little column 
is A B = r 6, and shear strain is — 

Distance moved r 

Distance from fixed place 1 

Hooke's law tells us that — 

Shear stress := N x shear strain. 
. • . Shear stress = N r ^. 

We have represented shear stress by y* in equation 
(1) above, but we can now put for f its value N r 6, 
which gives us — 

Mi = 2 N r a a X r 

An expression similar to S a r^ has been already 
explained. It is the moment of inertia of the section 
about the axis from which r is measured.* Hence — 

(2) M« = N d I, 

which is the law for the stiffness of a shaft. I for a 
circle (which is the shape of the section in this case, and 

in the case of most shafts) about a line through its centre 

IT d^ 
perpendicular to its plane is — ^ d being the diameter 

of the circle. 

* The moment of inertia in all questions of torsion is about a line 
at right angles to the section, and is often called the *' polar" 
moment of inertia. It is different from that used in questions on 
bending which is taken about a line in the section. 
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The law, therefore, becomes — 

32 Mt 



(2a) $ = 



IT N d * 

which will be best understood if read as follows : — 7%e 
angle of twist per unit length of a cylindric shaft of 
diameter d inches^ wlien subjected to a twisting moment of 
M^i pound-incJies, is equal to 32 times the tioisting moment 
divided by tJie prodiict of tt, tlhe fourth power of thA 
diameter and tlie m>oduJv^ of rigidity oft/ie material. 

For hollow cylindric shafts I = — (D* — #) ; hence, 

the rule becomes, for such a shaft — 

32 Mf 

D being the external and d the internal diameter. 

The rule for the strength of a shaft is now easily 
obtained. We saw that the greatest shear stress on the 
little column is N r 0, or /i = N r 6, where f is the 
proof or safe shear stress of the material, as required. 

This may be written ^ — B =^fg. Put into this for 0, 

its value as given in equation (2 a), and we hav 



from which — 



2 IT N rf* '^ 



(3) M, = — /, 
^ ' ^ 16 * 



which is the rule for the strength of a solid cylindric 
shaft subjected to toi'sion only. 
In hollow shafts it becomes — 

T(i y-rf') . 

^' - 16 D ■^'. 

which means that a solid cylindric shafts d inches in 
diameter ^ will stand a torque of M^ pounS-incIies, M^ bein^ 
of the numerical amotint obtained by multiplying tt, the 
third potver of the diameter, arid tlie proper shear stress 
of the material together, and dividing t/ie product 6y 16. 
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These rules hold only for stresses and strains below 
the elastic limit. 

From this it is not difficult to deduce a practical rule 
for the diameter of a shaft which will safely transmit a 
given HP at a given speed. We have already seen 
(p. 64) that if a torque of T pound-feet a<5t on a shaft 
revolving n times per minute, the HP transmitted is 
given by the rule : — 

Tx2irn 33, 000 HP 

HP = — rr-rrr— , whence T = 

33,000 * 2ir» 

The symbol Mj has been used to represent torque, or 
twisting moment, in pound-inclies; hence, 

T = — ^ or 12 X T = Mj. 

12 

Putting the value of Mj into rule (3), and taking 9,000 
lb. per square inch as the safe shear stress of a wrought- 
iron shaft, we have — 

12 X 33,000 X HP IT rf8 X 9,000 . 

2ir« ~~ 16 

from which — 

^3_ 12x33,000x16 HP^ or e?= 3-29 3 /HP 
2 X 3-14162 X 9,000 n v « ' 

which may be taken as — 

d =-, 3-3 a/I?. 

This is a very important practical rule. Taking the 
safe-working shear stresses of cast-iron and steel shafts to 
be respectively 4,500 and 13,500 lb. per square inch, we 
get the coefficients 4*1 and 2*88, instead of 3*3 for the 
rule just given, when that rule is applied to those 
materials. Remember these rules assume that the shaft 
is twisted only. 

In the foregoing we have dealt only with cylindric 
shafts. If a right section of the shaft is not circular, the 
theory on which these calculations are based does not 
hold ; in fact, a section which was plane before twisting 
occurred, no longer remains plane after strain, except in 

H 
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the case of a circular aection. For other sliapes ot 
section the theory is much too difficult for a work like 
this. The subject lias been investigated by M. de St, 
Venant, and the results of hia investigation are given in 
the article on Elasticity in the Ejtxiyqlopadia Brilannica. 
It ia found * that sections have the relative values for 
resisting torsion shown by the numbers in Figs, 49, 50, 
51, 52, 53, and 54, the sections being all of the same area, 
and the vtilue of the circular section being taken* as unity. 






Lord Kelvin has given a beautiful liydrodynamio 
illustration of the way in which the stress varies at 
various points on the boundary of a section. If we 
imagine a thin box made of the exact shape of the shaft, 
and filled witli a frictionless fluid, then if the box bo 
suddenly rotated about its axu, the velocity of the Jluid 
* The BtutUut shaultl consult the article referred to. 
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relative to tlie box at any point represents tlie sliear stress 
in a shaft of a similar shape when twisted. 

In most non-circular sections it will be seen from this 
rule that the stress at any point* on the surface of the 
shaft is greatest nearest the centre. 

It should be borne in mind that shafts in practice are 
subjected to bending as well as twisting, owing to the 
loads due to the weights of pulleys and pulls of belts. 

This matter is referred to more fully in Lesson 
XXIII., but the result is that the diameter of the shaft 
has to be increased by an amount depending on the amount 
of bending which the shaft has to withstand. 

Thus, if the practical rule for the diameter of a 

8 /Tip 

wrought-iron shaft is rf = 3*3 /v/ — when torsion only 

is considered ; it will be c? = c x 3*3 a/— when bend- 
ing is taken into account. Some values of c are given 
below : — 



Kind of Shaft. 



Propeller shafts of steamships, and shafts with similar \ 

AVtt^A ••• ••• ••• ••• ••• ••• ••■ ••• ••• ••• •••! 

Line-shafting in mills, etc 

Crank-shafts and shafting subjected to shocks, such as ) 
shafts in some machine-tools, etc j 



Value of c 



1-13 

1-3 

1-42 



Thus, if a shaft is required for a mill or factory, if not 
subjected to excessive shocks or more than the usual 
amount of bending, its diameter (if it is of wrought-iron) 
would be found from the rule — 



rf = 1-3 X 3-3 



V? 



Numerical Eocamples. — Part I, 

In the following Examples the shaft is supposed to be 
subjected only to torsion. 
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1. Find the safe diameter of a wrought-iron shaft to 

transmit 60 HP at 120 revolutions per minute. 

The rule is ^ = 3-3 ^x/^= 3*3 x a/-^ in this case, 

1 3*3 

= 33 X T— : = = 2-62 inches. 

t/2 1-26 

2. A wrought iron shaft, 3 inches in diameter, rotates 

150 times per minute; what HP will it transmit 
with safety 1 

3. If a shaft transmits safely 100 HP at the speed of 

150 revolutions per minute, what power will it 
transmit with safety at 200 revolutions per minute ? 

4. Find the twisting moment necessary to produce in a 

wrought-iron shaft, \^ inch in diameter and 12 feet 

long, a twist of 12^. If this shaft revolves 150 

times per minute, what HP will produce the same 

twist 1 N= 10,500,000. 

Note. — A twist of 12' in 12 feet is a twist of -^° in. 1 
inch, or -^ x '0175* radian in 1 inch, = $ of rule 2a. 

5. Will the twisting moment found in the last Example 

be too great for the shaft to transmit with safety, 
the safe shear stress being taken as 9,000 lb. per 
square inch ? 

6. A solid cylindric shaft is 5 inches in diameter ; find 

the external diameter of a hollow shaft of the same 
material, the internal diameter of which is two- 
thirds of its external diameter, and which shall have 
(a) the same strength, (b) the same stiffness, as the 
solid shaft. 

Note. — By equating the expressions for the strengths of 
a hollow and a solid shaft we get the rule required for (a), 
the rule for (b) being obtained by equating the respective 
expressions for their stiffnesses. 

Numerical Examples. — Part IL 

In solving the following Examples the rules which 
allow for bending as well as twisting are to be taken. 

* The number of degrees in any angle X ^ (which is approxi- 
mately -0175) gives the number of radians in the angle. 
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1. Find the diameter of a wrought-iron mill-shaft, to 

transmit 250 HP at 200 revolutions per minute. 

2. A wrought-iron crank-shaft is 6 inches in diameter, 

and rotates 96 times per minute; what HP will it 
transmit safely 1 

3. Find the diameter of a solid steel propeller shaft to 

transmit 12,000 HP at 80 revolutions per minute. 

4. If the shaft in the last Example is to be hollow, find 

its external diameter from strength considerations — 
(a) when its internal diameter is three-fourths of its 
external diameter, (b) when its internal diameter is 
two-thirds of its external diameter. 

Note. — For hollow steel shafts subjected to torsion only, 

HP D* — rf* 
the strength rule simplifies to — = '042 =- — • For 

wrought-iron shafts use *028 instead of *042. If bending 
is taken into account, multiply the HP by ^. 

5. A steel shaft in a certain machine-tool has to transmit 

10 HP at 100 revolutions per minute ; find its 
proper diameter. 

ANS WEES. 



PART I. 

2. 112-7 HP. 3. 133^ HP. 

4. 7,619 pound-inches. 18-14 HP. 6. Yes. 

6. D = 6-38 inches. D = 5-28 inches. 

PART II. 

1. Diameter, 4-62 inches. 2. 201-5 HP. 

3. Diameter, 17-29 inches. 

4. (a) External diameter, 19-68 inches, {b) External diameter, 

18 '69 inches. 

5. Diameter, 1*898 inch. 



LESSON XX. 

STRENGTH OF BEAMS. 

The laws of bending are based on the assumption that 
sections which were plane sections remain plane after the 
beam is bent. This gives us immediately the result that 
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in cross-sections the strain to which any little portion is 
subjected is proportional to its distance from the neutral 
line, that being the elevation of the surface in which the 
strain is zero. 

Let the area of the little column considered be a 
square inches, a being an exceedingly small fraction. 
Then, if the stress at 1 inch from neutral line is jo, and 
that at distance y inches from the neutral line is /, 
evidently y = JO y. The force — compressive on concave 
and tensile on convex side of beam — on the little 
column there h a p i/, and the first condition for the 
equilibrium of a number of forces not acting through 
one point (see Lesson I., page 6) gives us the result — 

ZLapy = 0, orp 2 a y = o, 

hence the neutral line must pass through the centre of 
area of tJie section. 

The strength rule for a beam is obtained by applying 
the third law of the equilibrium of forces, and equating 
the algebraic sum of the moments of the internal resisting 
forces to that of the external forces acting on the beam. 
Taking moments about the neutral line in a section — 

5aj?y X y = M, 
. • . ^ 2 a y* = M, 

or / I = M, 

y 

where M is the " bending moment " applied to the beam, 
and I the moment of inertia of the section about the 
neutral line. The bending moment is obtained by 
taking the algebraic sum of the moments of all the 
external forces to one side of the section about the 
line referred to. I -f- y has been called the strength 
modulus of the section, and is generally denoted by 
the letter Z, the rule being that a beam will stand a 
bending moment at a given section whose amount is 
obtained by multiplying the greatest stress the inaterial 
will stand by the strength modulus of the section. One 
inch being the unit of length, the bending moment will 
be expressed in pound-inches. 

Values of the moments of inertia and strength moduli 
of some common sections are given in the following table : 



IN PRACTICAL MECHANICS. 



loa 



TABLE I. 
Moments op Inertia and Strength Moduli of Sections. 



Section. 



H-^ 




Kcctangle. 



M — h — H 









^¥'i 



U.h^ 



lit d d 

r"! — r 



^ 



■A 



W^d, 



izzr 




Gombinationis of 
Bectangle. 



Moment of Inertia 

about Axis 

shown through centre 

of Area. 



12 



12 



12 



12 



12 



Strength Modulus of 
Section. 



ML 
~6" 



G 



0-118^ 






(id 
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TABLE I. {contiwued). 
Moments of Inertia and Strength Moduli of Sections. 



Section. 




Combinations of Rect- 
angle. 



I*- b- 




Uexagon. 




Octagon. 




Triangle. 



Moment of Iiiei-tia 

about Axis 

shown through centre 

of Area. 



+ Vi(i2 +^2')- 



0-442** 



0-638R* 



36 



(*=!)• 



strength Modulus of 
Section. 



0-514*8 



0-69R* 



24 
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TABLE I. {continued). 
MoMEXTS OP Inertia and STaENOTK Moduli op Sections. 



Section. 





OiTole. 




Semicircle. 




Ellipse. 




-*+^^ 



Moment of Inertia 

about Axis 

shown through centre 

of Area. 



Strength Modulus of 
Section. 



ird* 



64=0491. 



p(B^ - ^) 



0-1 IR* 



(^ = t 1= 



k'^ 



64 "'■ 12 



r/73 



'62 



32V D / 



0-191R» 



32 
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The strength rule for beams cannot be assumed for 
loads exceeding the elastic strength of the beam, but it 
has been found by experiment with l)eams of simple— say 
rectangular — sections that the load, W lb., required .to 
break a beam I inches long, b inches broad, and d inches 
deepi is proportional to bd^f and inversely proportional 
to I, 

Hence, for such sections, and with materials such as 
timber, the simple strength jrule — 

biP 
W = e X k X — » 

t 

may be employed, c being a constant depending on the 
method of loading and supporting the beam, and k a 
constant depending on its material. 

Values of o are given in Table 11. , and values of k 
in Table III. 

TABLE 11. 

Rbiatiyi Sthsnoths of Bbams, supported and loaded as 

indicated. 



Ni^thiHl ot LoatUng «nd Snpporiing 
the Bivuu. 



Greatest bend- 
' ing moment. 

Total load in 
e«ch ease =W, 

and length of 
beam = /. 



Fixod nt one end and loadod \ . 

nt th0olh«r 1 1 

Fix<Hl at CKQe end and loftdixl \ i 

niult>nttly ill idong its | ; 

^p|Hvri«d «t bolh ends luid ( 
loAiU'd in the middle ««« i 

$iip)H\rt«Hl «t both ettd;$ Mid \ 
Kvidt'd untformly t 

Fixtfd «t K^h ends and \ 
Kx»ded «t the Quddle ... i 

Fixx'd :»t K>4h ettd» «ndi 



Relative 

Strength. 

c 



W7 


•5 


W/ 




2" 


•i 


W7 
"4" 


1 


WV 




S 


3 


\N7 


:) 


'if 


s 



Relative 

Deflection. 

D. 



16 



•^^5 



-rii 



1*5 
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TABLE III. 



Material. 



English oak 



» 



ash 



••• ■•» ••• 



t m • • < 



-i. t^Ui IL ••• ••• ft»t 

Pitch pine 

Red pine 

Yellow pine 
Norway spruce . . . 



JJOCCIl ••• ••• ••• 



J ill ill ••• ••• ••• 



Mahogany 

Wrought iron ... 
Cast iron ... ... 



Cast brass ... 



 • • • « 



• • • • • 



•  • < 



• • •• I 



) • • • • 



• m • • • 



• • • • • 



• • a • • 



• • • < 



Value of k. Valae of S (deflection) 



6,680 

8,350 

9,180 

6,520 

5,350 

4,480 

6,600 

6,220 

4,050 

6,700 

30,500 

20,500 

11,000 



1 



7 '2 million 
1 

6 million 
1 

9 million 
1 

8*4 million 
1 

5*84 million 
1 

6*4 million 
1 

6*4 million 
1 

5*4 million 
1 

4 million 
1 

8*5 million 
1 

112 million 
1 

68 million 
1 

44 million 



Numerical Examples. 

1. A beam of English oak, 25 feet long, 10 inches broad, 
and 14 inches deep, is supported at the ends and 
loaded at the centre. Find its safe load, using 6 as 
a factor of safety. 

The rule is — 



in this case — 



W = <j X kx—i 



^ 1 X 6,680 X 10 X 142 

W = '-— , or 43,642 lb. 

26 X 12 * * 
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Hentie the safe load is — 

1M12^ 7,273-6 lb. 
6 

2. A pitch-pine beam, 30 feet long, 15 inches deep, and 

12 inches broad, is fixed at the ends and loaded 
uniformly. Find the safe total load, using the same 
factor of safety as before. 

3. A floor 24 feet square is supported by a red pine 

beam, which is fixed into the walls. Supposing the 
beam to support the whole weight, that the flooring, 
etc., weighs 20 lb. per square foot, and that the 
room is to accommodate 120 persons, weighing on 
an average 120 lb. each — find the proper section 
for the beam, its breadth being two-thirds of its 
depth. Factor of safety as before. 

4. In the last Example, if the factor of safety for the 

dead load is 5, and that for the live load 10, find the 
proper section for the beam. 

5. A timber beam is supported at points 12 feet apart, 

and loaded with weights of 10, 12, and 8 cwt. at 
points 2, 5, and 9 feet respectively from the left-hand 
support ; find the bending-moment at a section 
midway between the supports. If this bending- 
moment were produced by a load at the centre of the 
beam, find the amount of that load and the proper 
size for the beam, it being of teak, and its breadth 
f of its depth. Factor of safety, 6. 

6. A wrought-iron beam is of the section shown in the 

fourth figure of Table I., the breadth b being 8 inches, 
depth d 12 inches, and thickness of metal every- 
where 1 inch. If the beam is 25 feet long, and 
supported at the ends, find the greatest uniformly- 
distributed load it will bear with safety, safe y* being 
9,000. 

7. An iron beam is of the shape of a hollow cylinder, the 

outside diameter being 10 inches, and thickness of 
metal 1^ inch. If the beam is fixed firmly into two 
walls 30 feet apart, find the greatest uniform load 
it will bear with safety, safe y being 9,000. 
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8. A beam of the same material is semicircular in section, 

the circle being 8^ inches in diameter. It is sup- 
ported, flat side downwards, at points 12 feet apart, 
and loaded uniformly. Find the greatest safe load. 

9. A beam of uniform section is a hollow cylinder, its 

external diameter being 1 foot, and thickness of 
metal 1 inch. Find the load at the centre which it 
will bear with safety, it being 25 feet long si.nd fixed 
at the ends, safe/' being taken at 8,000. 

10. A continuous timber beam is supported by three 
supports 15 feet apart, and loaded with a uniform 
load of 5 cwt. per foot run. Find the section of 
the beam at a point 2 feet from the centre support, 
its breadth being J- of its depth. Safe/ = 1,500. 

11. A similar and similarly-loaded beam is supported by 
four equidistant supports 15 feet apart. Find the 
section of the beam at the centre of the middle span. 

Note. — For a beam continuous over three equidistant supports, 
the reactions at the supports are, in lb. — 

f wly f wlj and -^ wl; 

in a beam continuous over four equidistant supports, the 
reactions are — 

•^ w;/, i^ wl, -^ wl, and -^ wl, 

where w is the load in lb. per inch run, I the length of 
one span in inches. 

12. A rolled iron beam of double T-section is 25 feet 
long, supported at the ends, and has to bear a load 
of \ ton per foot run; if the depth is to be -^ of 
the span, find the area of the top flange of the 
beam approximately, the web being neglected. Safe 
compressive stress, 4 tons per square incL 



A N S W E E S . 



2. 24,450 lb. 3. d= 1612 inches, h = 10-74 inches. 

4. Depth, 17*57 inches. Breadth, 11*72 inches. 

6. Sending moment at centre, 69,888 Ib.-inches. Equivalent 

load at centre, 1,941*3 lb. Safe section is of depth, 

6*63 inches, breadth, 4*14 inches. 
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6. 22,7461b. (1 = 568-6) (Z = 94-76). 7. 22,381 IK 

8. 6,112 lb. 9. Safe load, 13,737 lb. 

10. Depth, 7*9 inches. Breadth, 4*94 inches. 

11. Depth, 6-23 inches. Breadth, 3*89 inches. 

12. Area = 7*81 square inches. In this case do not find the 

moment of inertia of the section. Take moments of all ex> 
temal forces to left (say) of section, about a point in lower 
flange. Equate the algebraic sum of these moments — ».«., 
the "bending moment" — to the moment of the safe 
compressive force in the top flange about the same point. 
This gives the safe compressive force in the top flange 
= AP lb. say, where P is the given safe compressive 
stress, and A the area of flange in square inches. Hence 
A is found. This method is usually adopted in practice 
in designing rolled beams ; though not so accurate as the 
rule given on page 102, it is much easier. The rule really 

amounts to this : — " Total force on one flange =: — » ^ 

d 

being the bending moment, and d the depth of the beam. 



LESSON XXI. 

STIFFNESS OF BEAMS. CHANGE OF CUBVATUBB 

AND DEFLECTION. 

The strain in the case of a loaded beam is such that the 
beam if originally straight becomes curved, and if 
originally curved has its curvature increased or 
diminished, according as the added bending moment 
acts with or against that already present. " Curvat^ure " 
is defined as the reciprocal of the raditis of curvaturCj 
this radius being the radius of the circle agreeing most 
nearly with the curve at the point indicated. 

In Fig. 55 a small portion of a bent or curved beam 
is shown, the curvature being greatly exaggerated. Take 
O O' (measured along the neutral line) = 1 inch, and O A 
= 1 inch ; this will simplify our expressions. From the 
similarity of the sectors O O' C and A B C it is evident 

that Qj\ = -— . Let O be called r (the radius of 
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curvature), then A C = r + 1. Also, A B = A N + 
N B = 1 + the strain at 1 inch from the neutral line. 




It has already been shown that the stress at 1 inch 

AX stroFm 

from the neutral line is — : and since -— — = strain, the 

I E 

strain at A B must be =-=, and A B = 1 -I- -— . 

EI' EI 
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-„ O O' A B 

llence, — = — - may be written — 

1 = 1 + ^;<.».. !l±i.= l + JLori M 



r+1  EI ,• EI 

If the beam was originally curved to a radius r„, the 

addition of the bending moment M produces a change of 

curvature. 

1 1 j)I 



r r, E I 

In regard to the actual deflection of any point in a 
horizontal beam, it is only necessary here to refer to one 
case, viz., that of a beam supported at both ends and 
loaded uniformly. Let deflection be represented by y, 
and distance from one support by £c Then, in works on 
the Diflerential Calculus, it is proved that— 

1 dx^ 



{■-(ji)'}'- 



2 



Neglecting the very small quantity ( j^) we have (since 
1 __ M_. _ 

r Er 

cPy ^ M 

dx^ EI* 
If w lb. per unit of length is the intensity of load 

W I X %D X 

on the beam whose length is L then M = » 

J 2 2 

and if a; = -, the bending moment and deflection are 

both a maximum ; hence the deflection at the centre is 
obtained by integrating twice the expression — 

d^ y w l^ 

dl^ ~~ 8E~i* 

The result is that the deflection v = 4 x -zr^rzy W being 

the total load on the beam or w I. If the beam bore the 
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same total load, but concentrated at its middle point, the 
deflection would be that given in the expression above, 
but without the factor -|, The relative deflections of 
beams loaded and supported in different ways are given 
in the fourth column of Table II., page 106. Hence, for 
any of the beams referred to, — 

For beams of rectangular section the rule may be written 
simply thus— 

y = D xS X T^; 

values of S being given in Table III. In all this one 
inch is the unit of length. 

Nuinerical Examplea, 

1. Find the deflection at the centre of a beam of English 

oak, 30 feet long, 15 inches deep, and 10 inches 
broad, supported at the ends, and loaded at the centre 
with a load of 5,000 lb. 

2. Find the greatest deflection of a pitch-pine beam, 25 

feet long, 14 inches deep, and 9 inches broad, fixed 
at the ends, and loaded at the centre with \ of its 
breaking load. 

3. A solid cylindric wrought-iron shaft, 3 inches in 

diameter, is supported at points 16 feet apart, and 
loaded at the centre with a load of 400 lb. Find 
the deflection of the shaft due to this load and to 
its own weight. A cubic inch of wrought-iron 
weighs -28 lb., and E may be taken as = 28,000,000. 

Note. — Find the deflection due to each load separately, 
and add the results to get the total deflection. 

4. A teak-beam, 20 inches square, is fixed firmly into 

walls 30 feet apart, and loaded uniformly. Find 
its greatest safe load, and the deflection under this 
load. Factor of safety, 5. 

5. A wrought-iron beam of T-shaped section has the 

following dimensions: — breadth of ^top flange, 5 

I 
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inches ; depth of web, 6 inches ; thickness of metal 
everywhere, f inch. The beam is 16 feet long, and 
fixed at the ends. Find the deflection under its 
greatest safe, uniformly-distributed load, and the 
amount of that load. Safe f^ 9,000; E, as in 
Example 3. 
6. A beam of English oak, the section of which is 12*37 
inches deep and 7*73 inches broad, is supported at 



</• 



o 

CM 






^7^^z=^ 



^^ 



'1h 



1 






•o 



7 






■15 



II 



Fig. 56. 

points 16 feet apart, and bears a uniform load 
amounting to 5i tons. Find the deflection of tlie 
beam at the middle point of its length. 

7. A rolled iron beam^ the moment of inertia of the 
section of which is 5 68 '6, is supported at points 
25 feet apart, and loaded with a uniformly-distributed 
load of 22,744 lb. Find its greatest deflection, E 
being 29,000,000 lb. per square inch. 

6. If I be the length of a round wrought-iron rod in feet, 
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and d its diameter in inches ; if it is supported at 
the ends and loaded by its own weight merely, with 
a deflection of 1 inch for 100 feet of span ; find the 
relation of I to d, 
9. Find the moment of inertia and strength modulus of 
the accompanying section (Fig. 56) about a lino 
through its centre of area parallel to the 15-inch 
side. Prove, if you can, the rule employed. 

BuLE. — ^The moment of inertia of an area about a line 
not through its centre is equal to the moment of inertia about 
a parallel line through its centre plus the area multipr.ed 
by the square of the distance between the two lines. 



ANS WEES. 



1. -96 inch. 2. Deflection, -499 inch. Load, 15,336 lb. 

3. -844 inch. 4. Safe load, 122,4001b. Deflection, -496 inch. 

5. Deflection, -0816 inch. Safe load, 4,586-6 lb. (1= 36*97.) 

6. Deflection, -4941 inch. 7. Greatest deflection, -485 inch. 

8. /=6-21 i/W. 

9. Moment of inertia, 5,295*23. Strength modulus, 320*73 ; one 

inch being taken as the unit of length. (Distance of 
centre of area from lower edge, 9*49 inches.) 



LESSON XXII. 

STRENGTH OP THE TEETH OP WHEELS, ETC. 

N T = n t is the rule for velocities, where T is the 
number of teeth, and N" the number of revolutions of 
one wheel per minute, n and t similar quantities for the 
other wheel gearing with it. 

(1) p = K >/Pis the rule for strength, where p is the 
pitch in inches, P the pressure between two wheels 
in lb., and K has the value '05 for mill machinery, 
•06 for machine tools, etc. (See Unwinds " Machine 
Design.") Also, 
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p X r 
(2) -r — - = HP transmitted, v being the velocity of 
^ ' 33,000 ' ^ ^ 

the pitch circle of the wheel in feet per minute, 

evidently ^ . 

The whole pressure between the wheels does not, 

however, come on one pair of teeth ; in fact the pressure 

on any one tooth is n P, where n is a fraction lying 

between \ and 1, and often taken ^ -1. If, therefore, 

we take f P as the pressure on one tooth, and suppose 

this pressure concentrated at one comer of the tooth — 

which may be considered as a beam fixed at one end and . 

loaded at the other — we get the ordinary rules for the 

strength of wheel-teeth when the breadth of the tooth is 

not taken into account. The thickness of the tooth when 

new is '48 p^ but the tooth should be strong enough 

when worn, when its thickness may be only '36 p. 

Taking these things into consideration and combining 

HP 

(1) and (2) we get the rule (3) T = c -pri, where c has 

the values 990 for mill machinery, 1,425 for machine 
tools, etc. 

In well-made wheels, such as are usually employed 
nowadays, the tooth may be supposed to touch fairly 
uniformly all along its face, and hence the breadth of the 
tooth must be taken into account. If the tooth is of 

HP 
breadth = 2| x pitch, the rule (3) becomes T = 791 -— 

for mill machinery, the multiplier being about 1,140 for 
machine tools. 

Numerical Examplea. 

1. A spur-wheel with 38 teeth, going at 140 revolutions 

per minute, gears with another which has 83 teeth. 
Find the speed of the second wheel. 

2. In mill machinery a wheel with 48 teeth, pitch 1^ 

inch, revolves 30 times per minute. What HP will 
it transmit safely) Teeth not supposed very well 
made. 

3. A spur-wheel 18 inches in diameter, speed 40 revolu- 



IN PRACTICAL MECHANICS. 117 

tions per minute, has to transmit 6 HP. Find the 
pitch, c as in last Example. 

4. Find the lowest speed at which a spur-wheel of 

16 inches diameter, ^ inch pitch, in a machine tool, 
will transmit with safety 3 HP. 

In the following Examples the wheels are supposed 
to be carefully made, so that a tooth may be assumed 
always to touch all across its face. 

5. A carefully-made wheel in the machinery of a mill 

has 62 teeth of 1 inch pitch. Find the limiting 
speed at which it will transmit 5 HP. 

6. A wheel, in a machine tool, with the same number of 

teeth has to transmit 6 HP at 40 revolutions per 
minute. Find the pitch and diameter. 



ANSWERS. 



1. 64*1 revolutions per minute. 2. 2*84 HP. 

3. Pitch = 1-62 inch. 4. 161'2 revolutions per minute. 

6. 63*79 revolutions per minute. 

C. Pitch, 1'4 inch. Diameter, 27*68 inches. 



LESSON XXIIL 

COMBINATION OF TWISTING AND BENDING. CRANK- 
SHAFTS, ETC. 

To find the resultant stress in a piece of material sub- 
jected at the same time both to twisting and bending, is 
one of the most important questions which can come 
before the engineer. A short investigation of this in- 
teresting problem will now be given. Consider a small 
block of material 1 inch at right angles to the paper 
(Fig. 57), the face A C being acted on by a shear stress 
of q lb. per square inch, and a tensile stress of p lb. per 



118 



NUMERICAL EXAMPLES 



square inch ; then, since shear stress in one set of planes 
is always accompanied by shear stress of equal intensity 
on planes at right angles,^ the face B C will be acted on 
by the shear stress q lb. per sq. inch. The problem is to 
find what the angle is, so that the face A B may be 
acted on by a normal stress p^ only, also what will be 




>-p 



the amount of py Let A C = 1 inch (the block should 
really be very small ; imagine it to be one-millionth of 
an inch, and let everything be magnified one million 
times). 

Equating horizontal components, p + ^BC=i?iAB cos d (a). 
Equating vertical „ ^ A B sin 6 = y (jS). 

But A B = sec 6, B C = tan © . • . (o) and ()3) become p + q 
tan 6 =i?i sec 9 cos 9 = p^^ and p^ sec 6 sin 8 := j?i tan B =^q. 

q 
Hence j?i tan tf = ^, or tan 6 = — .... (1). 

Pi 

q 
Also p -\- q tan B =i?i, or^? + y — = i'l- 

.". PiP + ^'=/>i^. 
Pi^ -PiP = 9^' 

And solving this quadratic, we have— 

ft = | + /y/^'+^ (2). 



* This well-known law is proved in Thomson and Tait's ''Natuial 
Philosophy,*' Perry's " Mechanics," and other text-books. 
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Whence, combining with (1) — 

taii0 = i 



i±v* 



+ ?».... (3). 



Hence, if a piece of material is acted on by a shearing 
stress of q lb. per square inch, and a tensile stress of 
p lb. per square inch at right angles to those interfaces 
subjected to the shear, the greatest stress to which the 
material is subjected is a tensile stress whose amount is 

p /f^ 

Pi^= — h A/ - + q^' Similarly, if we combine a com. 

pressive stress with a shear, we get the greatest resultant 
stress a compressive stress — p^ = — — — /y — ■\- q^. 

To apply this to the case of shafts, which are in all cases 
subjected to bending (i.e., tension and compression), as 
well as torsion or shear, representing the twisting mo- 
ment acting on a shaft by T, and the bending moment 
by M, we have the rules — 

16 T 32 M ^ 

q = and p = — — . {See pp. 96 and 102.) 

IT d^ IT a* 

Putting these values into equation (2), we get — 

16M //16 M\=^ . /16 IV^ 

(4) Whence i?i = i^ | M -h /aP + T^ } . 

and since — — — is' of the form of a twisting moment, 

then for any material in which the greatest safe tensile 
and shear stresses are nearly alike, we have — 

T * = M -h v^ M^ + 'r» .... (6), 

where T 6 is that twisting moment which is equivalent to 
the other two moments combhied. 
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If we divide equation (4) by 32 instead of by 16, and 
remember that — — - — is a bending moment, we have — 

M e = I {M + v/ M3 + T3}, M e being that bending 
moment which is equivalent to the moments M and T 
combined. 

Numerical Examples. 

1. A piece of wrought-iron is subjected to a tensile stress 

of 4 tons per square inch, and a shear stress of 
3 tons per square inch, will the material be 
strained beyond the safe limit ? Safe tensile stress, 
10,400 lb. per square inch. 

2. A piece of wrought-iron is subjected to a shear stress 

of 3 tons per square inch. Find the tensile stress 
which may be combined with it in order that 
the material may just be strained to the limit of 
safety. 

3. A piece of wrought-iron is subjected to compressive 

and shearing stresses of equal intensity. Find the 
amount of each so that the material may just be 
subjected to its greatest safe stress. Safe stress as 
before. 

4. A wrought-iron shaft is subjected to a bending mo- 

ment of 10,000 lb. -inches, and a twisting moment 
of 20,000 lb. -inches. Find the twisting moment 
which will represent the combination of the two. 
Find also the safe diameter of this shaft. Safe stress 
in shear = 7,800 lb. per square inch. 

5. A 3- inch wrought-iron shaft, making 150 revolutions 

per minute, is supported at wall-brackets 18 feet 
apart. Midway between these bearings a belt is 
driven from a pulley on the shaft, the resultant side- 
pull due to the weight of the pulley and pull of the 
belt being 200 lb. What is the greatest HP the 
shaft will transmit with safety, the weight of the 
shaft being neglected ] 

6. A 3-inch shaft transmits 68 HP at 150 revolutions 

per minute; the bearings of the shaft are 16 feet 
apart, and 3 pulleys are keyed on the shaft — one at 
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the centre, and the other two 5 and 6 feet re- 
spectively from the bearings. If we know that 
the resultant side-pull is the same for each pulley, 
find its amount so that the shaft is just strained to 
the safe limit. 

7. The spindle of an electro-motor runs at 1,000 revolu- 

tions per minute, and the motor receives a current of 
40 amperes, at an E.M.F. of 100 volts. Find the 
diameter of the wrought-iron spindle, if the bending 
moment produced by the pull of the belt on the over- 
hung pulley is equal to the twisting moment, and the 
eflSciency of the motor be taken at 70 per cent. 

8. In the case of certain kinds of shafting it is possible 

to express M as a multiple of T. Thus M = A; T. 
Rankine has found the following values of k\ — 

For such cases as propeller-shafts A; varies from *25 to '5. 

For ordinary light shafting in mills ... A? „ '75 to •!. 

And for crank-shafts and other heavy 

shafting k „ 1*0 to 1*5. 

For each of the cases above mentioned deduce the 
constant a in the simple formula for the diameter 

of a shaft, d =^ a '^/ . 

Note. — The values here found agree with values of the 
multiplier c given at page 99. 

9. Find the two equal stresses (tensile and shear) which 

combined will produce a resultant tensile stress of 
66,000 lb. per sq. inch. 

10. A cylindric shaft transmits 30 HP at 150 revolu- 

tions per minute, and is subjected to a bending 
moment equal to the twisting moment ; find the 
diameter of the shaft, if the safe shear stress of 
the material is 9,000 lb. per sq. inch. 



ANSWERS. 



1. Yes. The resultant stress is 5'6 tons per square inch. 

2. 6,067'8 lb. per square inch. 3. 6,428 lb. per square inch 
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4. T « = 32,360 lb. -inches, d = 2*76 inches. 

6. 68 HP. Substitute for T its value in terms of HP, thus 



T 

— X 2ir;i 

12 



== HP, find Ttf from rule (5), p. 119, then 



33,000 



Ttf = 



_- »^»/ 



16 



, from which d is found. 



6. 94 lb. each. 7. Diameter of spi ndle, -7 08 inch. 

8. 1st case, rf = 3-7 to 3 98 \/—. 



n 



2nd case, d = 4-28 to 46 V — . 

n 



3rd case, d = 4*5 to 6 

9. 40,791*1 lb. per square inch. 
10. Diameter, 2*58 inches. 



yHP_ 



n 



LESSON XXIV. 

OVERHUNG CBANK. CRANK-PINS. LENGTHS OP 

BEARINGS, ETC. 

A VERY good illustration of combined twisting and 
bending actions is the case of an overhung crank (Fig. 
58). Let P be the total push, or pull, of the connecting- 
rod at right angles to the direction of the crank. 






V 



B 



Fig. 58. 



Then T = P X A C, and M = P x B C, the result- 
ants of all the forces acting on the journal and crank-pin 
being assumed to pass through their centres respectively. 
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Then using our rule for combining twisting and 
bending moments, we have— 

T<r = PxBC+ -s/(P X BC)a+ (P x A C)^ 

= p {b c + -v/Fc^TXc^} 

.•.T<J = P(BC + AB). 

Hence we calculate the twisting moment for an overhung 
crank as if the crank were of a length equal to the hori- 
zontal distance B C, plus the sloping distance A B. 

Numerical Exani'ples, 

1. The greatest pressure of steam in the cylinder of a 

non-condensing steam-engine, when the connecting- 
rod is at right angles to the crank, is 80 lb. per 
square inch, the diameter of the piston 1 2 inches, 
the length of the crank 12 inches, and the distance 
from a vertical line through the centre of the crank- 
pin to the centre of the crank-shaft journal 1 1 inches. 
Find the diameter of that journal, {a) taking the 
safe shear stress as 7,800, and (6) as 9,000 lb. per 
square inch. 

2. The crank of a steam-engine is 15 inches long, the 

horizontal distance from the centre of the crank-pin 
to the centre of the nearest crank-shaft bearing is 
12 inches. If the greatest push or pull of the 
connecting-rod is 15,000 lb., find the diameter of 
the crank-shaft, taking the safe shear stress of 
wrought-iron to be 9,000 lb. per square inch. 



CRANK-PINS. 



A/P I ' 
3. Rule for dimensions of crank-pin : d = '025 V ^ 

The length of a crank-pin is 1^ times its diameter, 

the diameter of the piston of the engine is 12 inches, 

maximum steam pressure 100 lb. per square inch. 

Find the dimensions of the crank-pin. 

LENGTHS OF BEARINGS. 

Many rules are given, none of which are applicable 
generally. The rule (1) . . . — = 1 + '004 N is about one 
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of the best for ordinary shafting. N is the number o{ 
i^evolutions of the shaft per minute, I and d the length and 
diameter of the bearing in inches. This is independent of 
the pressure on the bearing. Another rule is (2) ... dl 

= — {P + wn/P}, which is applicable, for instance, to 

locomotive axles, P being the pressure on the bearing 
in lb., o in this case being 350. 

Note. — Professor Ferry has deduced the following rules 
for dynamo bearings : — 

(1) _ =» \/L -^ 1,000 for discoidal armatures; and 

(2) -i = (ft -v/L + 3,500) + 2 for drum and elon- 

d 

gated ring armatures. In these rules L is the length of 
the shaft between the middle points of the bearings, and 
n the speed in revolutions per minute. 

4. Find the length of the bearing for an ordinary shaft, 

2 inches in diameter, going at 200 revolutions per 
minute. 

5. Find the length of the bearing for a dynamo machine, 

the diameter of the journal being 2^ inches, the 
pressure on each bearing 150 lb., and speed 800 
revolutions per minute. First by rule (2), also by 
rule for dynamos, if armature is of drum-type. 
L = 49 inches. 

6. In an Elwell-Parker dynamo (drum) the length 

between the centres of the bearings is 30 inches, 
and the speed 1,300 revolutions. Find the ratio of 
length of bearing to diameter. 

7. In a '* Victoria " dynamo (discoidal) the speed is 

2,000, L = 10 inches. Find ■^. 

8. In a Kapp dynamo (drum) L = 46 inches, speed 780, 

journal 2\ inches in diameter. Find length of 
journal. 

9. Ferranti alternator (discoidal)^ speed 1,700, L = 

28 inchea Find 7- 

a 
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1. Diameter, 6'4 and 5*2 inches respectively. 

2. 6*4 inches. 3. Length, 4'87 inches. Diameter, 3*25 inches. 

4. Z = 3*6 inches. 

5. The first rule gives /= 11*37 inches. The dynamo rule gives 

/ = 8'6 inches. In dynamos the bearings are usually of 
unequal length, that at the driving end being longer thaa 
the other. 

6. - = 403. 7. 6-32. 
a 

8. Length, 8*77 inches. 9. 8*99. 



LESSON XXV. 

STRENGTH OF BIVETED JOINTS. 

Consider the strength of a strip of plate held by one 
rivet, the joint being, say, a lap-joint. Fracture may 
occur in any one of the four ways shown in Fig. 59 — 




<--p — ->■ 





T 




i 

3 



T 




FIs. 59. 



viz., (1) by the shearing of the rivet at n, (2) by the 
breaking of the plate by tension at a c, (3) by the 
crushing of one side of the hole, or (4) by the breaking 
of the plate as a beam fixed at the ends o p q r, and 
loaded at the middle. 
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Let d be the diameter of the rivet, p the pitch, t the 
thickness of the plates, /^ the ultimate tensile, /^ *^6 
ultimate compressive, and /g the ultimate shear stress of 
the material in lb. per square inch, all dimensions being 
in inches. A rule might be obtained by equating the 
strengths of the joint under the four conditions shown, but 
it is found in practice that the joint is much more likely 
to give way either as shown in (1) or (2). In order that 
the strip may be equally ready to give way in each of 

these modes, we have the condition — d^ fa^ip — d) t fy, 

(It is evident that the strip is p inches wide.) 

But if we take f^ =/„ which is nearly true for 
wrought iron and mild steel, and if we use the practical 
rule for diameter of , rivet in terms of thickness of plate — 



then we have— 



d=V2 '/T, 



w d* 

4 ^^ "' 144' 

1-44 
4 



It has been found practically that the distance from 
the side of the hole to the edge of the plate should not 
be less than d, else the joint may give way as in (4). 



BUTT JOINT. 



Consider one case of the butt joint with, say, two 
covering plates, as shown in Fig. 60. We will assume 




Fig. 60. 



that each of the cover plates is just half the thickness of 
the main plate, but in reality it is usually a little mora 
The thickness of the main plates being as before <, then 
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Bquating the shearing resistance of the rivet — now in 
double shear — to the tensile resistance of the two cover 
plates, we have — 

and assuming 

/^ =/^ as before, also d=l'2 v^ 

jp=:2-406 -h rf=rA -f rf. 

It will be seen from the foregoing how the values of 

A, given in the table below, have been found. It is not 

necessary here to enter into a discussion of the strength 

of other joints. 

The strength of one strip of plate without hole=jt? tf, 

and the strength of one strip of plate with hole = 

(p-d) t /, hence the strength of the boiler shell is 

p — d 
diminished in the proportion . Therefore, in boilers, 

if the strength of the joints is considered, the stress 
employed should be — 



p * A + d 

For double and treble riveted joints, / = k -; f^, 

where k is nearly unity. Values of k are given in the 
table. 

TABLE OP CONSTANTS — RECAPITULATION OP RULES, ETC 

(Compiled by Prof; Perry. )^ » 7 7-^ 

ft 

For cylindric sbell of boiler ; (1) . . . P = _, where 

T 

/is given in equation (3), t thickness, r radius in inches. 
Same rule for flue, t bsing average thickness, taking 
strengthening rings into account; but in this case/ is 
the compressive stress of the material. 

(2) . . . c? = 1 -2 vt, d being diameter of rivet-hole, 
t thickness of plate. 

Distance from edge of plate to side of hole, not less 
than d. 
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In any riveted joint, pitch /i = A + if , where A is 
given in the following table : — 





Iron Plates and 
Iron Rivets. , 


Steel Pistes and 
Steel Rlrets. 




Drilled 
Holes. 


Punched . 
Holes. , 


Drilled 
Holes. 


Ptinched 
Holes. 




1-203 
2-217 
3-23 


1-47 
2*66 


0-89 
1-69 
2-49 


1077 
1-93 


frith twofj) »y 


2-406 
4-434 
6-46 


2-94 
6-32 


1-78 
3-38 
4*98 


2-154 
3-86 



The actual value of / for tension to be employed is — 

(3).../=*j^/„ 

where /^ is tensile strength of untouched plate. A is 
given above, and k has the following values : — 



BU^l Platoi. 



10 

0-9 

1*06 

1*0 

108 



Iroti Plates. 



*88 
•77 
'9,5 
•85 



Single-riveted, drilled. 

„ ,1 punched. 

Double- „ drilled. 

„ „ punched. 

Triable- „ drilled. 



In all tlus it is to bo remembered that a punched 
hoK> ia to l>e ohIUhI a drilled hole if it has been rymered 
out or auneiUtHl aft4>r punching. 

This givt^a rise to tlie following rule : — 

i ^a 4l Innnir diameter of rivets. 

d' -f ^\/ *V + • -^ • • * (^)> l^ huttiitinff pressure of boiler. 

^ V ^ r, nidius <a boiler in iachea. 

1^44 r P A* ^Itivi^^ tensile stress of 
and whw^^ • .^ ^ , .-* wuhiwt pUita. 
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Having found c?, find ^ the thickness of plate by < = 
<r- -^ 1-44. 

Example, — A boiler is 5 feet 6 inches in diameter, 
the plates being of iron, \ inch thick, double-riveted 
lap-joints, holes punched, iron rivets. Calculate the 
diameter and piteh of the rivets. 

If the ultimate stress of the plates is 46,000 lb. 
per square inch, find the greatest safe pressure of steam 
the boiler will bear, using 5 as a factor of safety. 

i? = A + rf. d=l'2 x/T 

J. 2 

= 2-66 + -848. = 1-2 X >/* = rTTT = '848 inch. 

1*414 

.'. p = 3-508. 

To find the safe pressure : — 

ft 
First find the bursting pressure P = — » 

r 

where/=A:-^/^ 

•86 X 2-66 

= „.^„ X 46,000 
3-608 ' 

/ = 29,C49 lb. per square inch. 

29,649 
. • . P = — — — X § = 449-22 lb. per square inch. 

Hence the greatest safe pressure is 89-84 lb. per 
square inch. 

Numerical Examples, 

1. Taking the ultimate sti*ess of steel plates to be 62,000 

lb. per square inch, calculate the diameter of rivets 
and pitch, for a double-riveted lap-joint, holes drilled 
in i-inch steel plates with steel rivets. If this is a 
boiler 6 feet in diameter, find the greatest safe pres- 
sure of steam inside it, using 4 as a factor of safety. 

2. Find the same things for a single-riveted lap-joint, 

^-inch iron plates with iron rivets, holes drilled. 
IJltimate stress, 46,000 lb. per square inch. 

3. Calculate the pitch and diameter of rivets for a 

cylindric vessel to withstand internal hydraulic 
pressure, the diameter of the vessel being 15 inches, 
plates \ inch thick of steel, with steel rivets, holes 

J 
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drilled, double-riveted butt-joints with one cover 
plate ; using strength rule for boilers, and taking 3 
&s a factor of safety. Calculate the greatest safe 
pressure of water inside the vessel. 

4. Taking it that a steel punch may be worked up to 

100,000 lb. per square inch, find the least diameter 
of hole that can be punched in the plates of 
Examples 2 and 3, the ultimate shear stress of the 
})lates being taken respectively at 40,000 and 
52,000 lb. per square inch. 

5. A cylindrical boiler is to be constructed, 5 feet in 

diameter, to bear up to 400 lb. per square inch 
bursting pressure, the plates being iron, with iron 
rivets — holes punched, double-riveted butt-joints 
with two cover plates. Find the thickness of the 
plates. Ultimate stress as in Example 2. 

Note. — In a question of this kind, ^nd Jirst the diameter 
d of the rivets by rule (4) on p. 128, then the thickness of 

the plates from the rule, t = — — . 

r44 



ANSWERS. 



!..<;= *848 ioch; pitch, 2*538 inches. Greatest safe pressure, 

151*9 lb. per square inch. 
2, d= *84 inch; pitch, 2*05 inches. Greatest safe pressure, 

82*3 lb. per square inch. 
S. d= 1*04 inch; pitch, 2*73 inches. Greatest safe pressure, 

433*8 lb. per square inch. 

4. Iron plates, '8 inch. Steel plates, 1*5 inch. 

5. Diameter of rivets, '707 inch. Thickness of plates, *3i7 inch. 



LESSON XXVI. 

STRENGTH OF STRUTS. 

The practical rule for the strength of struts is based on 
Professor Gordon's formula, and is as follows : — 

For a strut hinged at the ends the breaking load W 
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in pounds is obtained from the rule W = 



A/ 



Where 



1 -f »B 

A is the area of cross-section in square inches, f the 
breaking compressive stress of the material in lb. per 
square inch, n and B are constants depending on the 
dimensions and form of the strut. In these Examples / 
is taken at 80,000 lb. per square inch for cast iron, and 
36,000 lb. per square inch for wrought iron. 

The following short table gives values of n and B 
required in the Examples. A more extended table is 
given in Perry *s " Practical Mechanics." 



TABLE II.* 



TABLE L 




Length of 
strat divided 
by least late- 
ral dimen- 


Bfor 

cast 

iron. 


Bfor 

wrought 

iron. 


sion (2. 






15 


1-68 


0-300 


20 


3-00 


0-532 


25 


4-64 


0832 


30 


6-76 


1-200 


35 


9-20 


1-632 


40 


1200 


2-132 



Shape of section. Le<ist lateral 
dimension called d. 



Valne 
of ». 



Square side rf, or rectangle 
with smallest side d 

Hollow rectangle least side d 

Circle, diameter ^ 

Circular, thin ring, external 
diameter d 

Angle-iron, breadth of small- 
est flange rf 



1-00 
0-50 
1-33 

0-66 

2 00 



For a strut fixed at the ends calculate by the rule 
given above, but take n one-fourth of the value given in 
the table. 

Numerical Examjyles. 

1. A hollow cylindrical column of cast iron is 15 feet 

long and 9 inches in outside diameter, the thickness 
of metal being f inch. Find its breaking load, its 
ends being fixed. 

2. Suppose a column like the last, of the same length 

and outside diameter, is required to bear a load of 
50 tons. Find the proper thickness of metal, using 
6 as a factor of safety. 

* These two tables are quite distinct, the first giving the value of 
B for a particular ratio of length to least breadth, the second the 
value of n for a particular shape of cross section. 
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3. An angle-iron, used as a strut, is hinged at the ends, 

its length being 10 feet, least breadth 5 inches, and 
the area of its cross- section 15 square inches. Find 
its breaking load, and also its greatest safe load, 
using 6 as a factor of safety. 

4. An angle-iron has to withstand a push of 10 tons. If 

its length is 10 feet and least breadth 3^ inches — 
it being riveted firmly at the ends — find its proper 
cross-sectional area, using 6 as a factor of safety. 

5. A cast-iron strut is 10 feet long and 4 inches square, 

fixed at the ends. Find its breaking load, 1st, by 
the rules given above ; 2nd, by Euler's rule ; and 
3rd, by the formula worked out by Professor Perry 
(and given in the Engineer of December 10th and 
24th, 1886), assuming in that case the error c to be 
01. Breaking stress of the material, 80,000 lb. 
per square inch. 

Note. — Professor Perry's formula is : — 

Where w is the breaking stress required. ^ j.2 ^a 

i8 „ „ according to Euler = 

f „ „ of the material. ^ ^ 

(E = 17,000,000 for cast iron.) 
l = \ length when Jixed. 
= J length when hinged. 

c li 

m a constant = — r— , where e is the given error in loading, etc., 

)3 the greatest distance from the neutral line, and k the 
radius of gyration of the section, all dimensions being in inches, 

G. A wrought-iron strut is of the double T-section usual 
in rolled beams, breadth of flanges 5 inches, and 
total depth 9 inches, the mean thickness of metal 
everywhere being ^ inch. If the strut is 15 feet 
long and fixed at the ends, find the height of brick 
wall, 14 inches thick and 10 feet long, it will carry 
safely, using 6 as a factor of safety. The section 
may be taken as a hollow rectangle, the two smallest 
sides being 5 inches broad and f inch thick, the 
other sides being |- inch thick. * 
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7. A strut of similar section to last, but 8 inches deep 
and 1 inch thick everywhere, is 30 feet long, and 
hinged at the ends. Find its breaking load by 
Euler's rule, E being 29 x 10«. 



ANSWERS. 



1. 1,040,200 lb., or 464*37 tons. 

2. Thickness of metal, J an inch. 

3. Breaking load, 90*49 tons. Greatest safe load, 1508 tons. 

4. Area, 6*8 square inches. 

6. Breaking load by rules in text = 475,840 lb. Breaking load 
according to Euler = 994,130 lb. (/3 = 62,133). Break- 
ing load by Professor Perry's rule = 376,376 lb. {w = 
23,461). 

6. Safe load, 65,407 lb. Height of wall, 60 feet 

7. 47,000 lb. (I about axis through centre of web = 21*33.) 



LESSON XXYII. 

GRAPHICAL STATICS, ETC. THE COMPOSITION OP FORCES 
ACTING NOT THROUGH ONE POINT. INTRODUCTION TO 
GRAPHIC METHODS. FORCES ON FRAMED STRUCTURES. 

When forces do not act through one point they may no 
longer be regarded as of the same simple order of vector 
quantities, and hence a more complicated construction, 
or calculation, is required to obtain their resultant. For 
practical purposes graphic methods are usually preferable; 
and I shall now give a short introduction which, if the 
student will follow carefully, will enable him to master 
the subject sufficiently to attack any ordinary problem. 
Space only permits reference to forces acting in one 
plane. The conditions of equilibrium for such forces are, 
in the language of "graphics": (1) The force-polygon 
must be closed; (2) The link-polygon must be closed. The 
force-polygon is already familiar to the reader, and the 
link-polygon can best be described by working out one 
example. 
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In Fig. 61 four forces, A B, B C, C D, and D E, are 
shown which do not act through one point; Fig. 62 
shows the force-polygon, A B C D £ A, corresponding 




Fig. G2. 



to them. E A gives the magnitude, direction, and sense 
of the equilibrant of the forces. The question now arises, 
where does the equilibrant act ? To answer this question, 
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draw the link-polygon ; choose any point or pole — O in 
Fig. 62 — and join this pole to each corner of the force- 
polygon, as shown in dotted lines. 

Before going any further, notice how the figures are 
lettered. Each space in Fig. 61 has a letter assigned to 
it, and we speak of the force A B, meaning the force 
acting along the line which separates the space A from 
the space B. In Fig. 62 the force is represented by a 
line A B, each letter now standing at an apex of the 
polygon. To proceed, choose any point on one force, say 
A B (Fig. 61), and from it, through the space A, draw a 
line parallel to O A in Fig. 62 ; through space B a line 
parallel to O B, meeting the last on A B, and so on, till 
each space has its dotted line parallel to a dotted line in 
Fig. 62. The figure last drawn in 61 is called the link- 
polygon, and, if the forces are to be in equilibrium (with 
the help of the force we are seeking they will be), it must 
be closed ; hence close it by producing the lines in A and 
E till they meet at P, the resultant must act through the 
point P thus found. Hence we have only to impose a 
force whose magnitude and direction are represented by 
A E in the force-polygon, at the point P, and our work 
is complete. The student should follow this work care- 
fully; for if what we have now done is thoroughly 
understood, no great difficulty will be experienced with 
other and more complicated exercises. The following 
statements should be carefully noted and put to the test 
by the student : — 

(1) It does not matter wimt point on A is chosen to 
begin the link-polygon. 

(2) It does not matter what point in the plane of 
the forces is chosen for the pole O, except that if chosen 
in certain positions the drawing is of awkward dimensions. 

The result will be the same if different positions of 
these two points are tried; and a point (not necessarily 
the same point) on the resultant will be obtained in 
each case. 

Working out one or two examples, with drawing 
instruments, will do more to enable the student to 
understand this beautiful subject — which I have only 
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Space to introduce — than any amount of reading. It is 
very much used now, especially in connection with the 
determination of the forces acting on the different pieces 
of structures such as railway girders and roof-trusses. 
In the few lines at my disposal I will endeavour to show 
how to determine (1) the supporting forces and (2) the 
"stress," or, more properly, the longitudinal ybrce acting 
on each piece of such a structure, the loads and method 
of support being given. I must make the assumption 
that the pieces of the structure are fastened together with 
infinitely well-oiled pins, which ensures that the force 




acting on each piece can act only along its length. First 
of all, however, about the supporting forces. It is usual 
to assume that one end is hinged, and the other supported 
on rollers to allow for expansion due to heating ; if these 
rollers move freely, the force at that end will act 
vertically, the rollers moving on a horizontal surface. 
The supporting force at the hinged end (H, Fig. 63) may 
act in an inclined direction which is not at present 
known ; all we know is one point in its direction, viz., 
the hinge. Having found the resultant load on each 
" bay " of one side of the truss, by combining load due 
to weights of paints, possible snow, etc., with wind- 
pressure, by the parallelogram of forces, and for the other 
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side taking simply the forces due to weights (since wind 
cannot act on both sides at once), our loads are now 
supposed found, and the " graphic " work proper begins. 
Draw the force-polygon ABCDEFGH (Fig. 64) ; 
this polygon is not yet complete, as we do not know the 
force acting at the hinge H. We do know the direction 
of the supporting force at the other end A ; hence draw 
a vertical line of indefinite length from A in the force- 
polygon. Choose the pole O, and draw the radiating 
lines O A, O B, etc., as before ; then draw the link- 
polygon (Fig. 63), commencing at the hinge. The forces 
A B, B C, etc., have to be produced downwards, as 
shown dotted, and the comers of the link-polygon rest 
on these lines as explained in the last example. Having 
completed the link-polygon as far as the supporting force 
at A, the polygon is now made to close by a line through 
space I. In the force-polygon (Fig. 64) draw from O a 
line parallel to this closing side; this line cuts the 
vertical line A I in the point I, which is the last corner, 
or apex, of the force-polygon. The polygon can now be 
completed, and the supporting force at H is represented 
by the line I H to the sam^ seals to which A B 
represents its particular force or load. The student 
should very carefully work out for himself such an 
example as this, and by so doing he will learn more than 
is possible by mere reading. 

I have not space to go very fully into the method 
of finding the "stress" figure for this truss, bat will 
endeavour to put the student on the right track, so that 
he may complete the work without much diflBculty. The 
force in each piece is supposed to act along the piece, so 
that at a corner, say A, we have four forces acting — the 
load A B, the supporting force A I, and the force due 
to the push or pull of each of the pieces B J and J I. If 
these forces are in equilibrium, they ought to be parallel 
and proportional to the sides of a polygon. Let us draw 
such a polygon. Well, in Fig. 64 we have already two 
of these sides, A B and A I ; hence it is only necessary 
to complete the polygon, which is done by drawing a line 
from B parallel to B J (Fig. 63) and a line from I 
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parallel to I J. These lines intersect in the point J, and 
give us the polygon of forces, or " stresses," A B J I A 
for the point A. The line B J- shows (to the same scale 
as that to which A B represents load) the force acting on 
the piece B J of the trass, trying either to crush it or to 
pull it asunder. Which of these does the force try to 




Fig. 64. 



do? Well, this is easily found from the polygon 
A B J I ; for the directions of the arrowheads on A B 
and A I are fixed, and the other arrowheads must be 
concurrent with these. Hence we see that the piece B J 
pushes the point A, and that the piece I J pulls the same 
point ; or, in other words, the former is a strut and the 
latter a tie. Remembering that a piece which pushes 
with a given force at one end pushes tvith an equal force 
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at the other end, we know the action of the piece B J at 
the next point B C K J, and we can proceed to draw the 
** stress " polygon for it, as in the case of the last point. 
Two of the sides of the polygon we already have in 
Fig. 64, viz., B C and B J. The polygon when com- 
pleted is found to be B J K C B ; and by a similar 
process to that adopted before, the cliaracter of the force 
— whether tensile or compressive — can be determined. 

Notice that each point where lines meet in the truss 
corresponds to a polygon in the stress figure, and that 
each line in the former is parallel to a corresponding line 
in the latter. Such figures are called reciprocal figures. 

I have not proved to you that when the force- and 
link-polygons are closed, the system of forces is in 
equilibrium. The proposition in regard to the link- 
polygon is proved, by Professor Perry, in the following 
way : — Along each line, such as B, of the link-polygon 
(Fig. 61) introduce equal and opposite forces. This will 
not alter the equilibrium or want of equilibrium of the 
original forces. Now consider any corner, say p, of the 
link-polygon. The three forces acting there are parallel 
to the sides of the triangle B C O (Fig. 62), and hence 
are in equilibrium. In the same way it will be seen that 
the forces at each corner are parallel to the sides of a 
triangle in Fig. 62, and therefore in equilibrium. Hence, 
the whole system, consisting of the original and the super- 
imposed forces, is in equilibrium. TJie superimposed 
forces are in equilibrium balancing in pairs ; hence the 
original forces must have been in equilibrium. The 
student is now in a position to work out any of the 
examples which follow. 



LESSON XXYIII. 

EXPLANATION OF ANALYTIC METHOD OP SOLUTION. 

Having found the supporting forces as explained at 
page 25, equate the horizontal components of all the 
forces acting at a joint, and also equate their vertical 
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components, the force in each piece being supposed to act 
longitudinally. This will give two equations, from which 
two unknown forces can be found. By properly choosing 
the sequence of joints all the forces can thus be found. 

Numerical Examples. 
1. 'A Warren girder is of the form and supports the 
loads represented in Fig. 65. Find graphically the 




Fig 65. 



longitudinal force which each piece withstands due 
to the given loads, specifying the character of the 
force — whether tensile or compressive. 
2. A roof-truss, of the form shown in Fig. 66, is 30 




Fig. 66. 

feet in span and supports the foMowing loads : — viz., 
1st, a dead load amounting to 30 lb. per square 
foot of horizontal projection of roof; and 2nd, a 
wind pressure on the right-hand side of 40 lb. per 
square foot normal to the roof. If the trusses are 
8 feet apart, and the left-hand end is supposed to 
be hinged, the other end being supported on rollers, 
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find the tensile or compressive force which each 
piece of the truss lias to withstand due to these 
loads. Also find these forces if the otiier end is 
taken as the hinge. 
3. A horizontal prismatic beam is built firmly into two 
walls 20 feet apart and loaded with a uniform load 
of 200 lb. per foot, and also with loads of ^ a ton 
at the middle and 5 feet from each end. Draw the 
diagram of bending moment, if the section is uniform. 
If the section is not uniform, but the depth given, 




Pig. 67. 

find the section everywhere if the beam is to be of 

uniform strength, and also in this case draw the 

diagram of bending moment. 

The following general graphic solution of this question* 

is given in a paper by Professors Ayrton and Perry, read 

before the Physical Society on June 11th, 1887. In 

Fig. 67 the part E A B G E — this would be a rectangle 

in the first part of the question — has ordinates which 

represent the values of ■— (the reciprocal of the depth of 

the beam), E M Q G E being a diagram whose ordinates 
represent m, the bending moment, if the beam were loaded 
as it is but merely supported at the ends, t Find, by trial, 

* Accurate only for symmetrical loading. 

f This is really the ordinary link-polygon for the forces acting on 
the "beam ; the ordinate at any point of such polygon representing the 
bending moment at the corresponding point of the beam. 
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two points N and P, such that the area of E T -f the area 
of P B = the area of N S, and M N = Q P. N and P, 
when found, represent points of inflection, and the real 
bending moment at any place is m - P Q, whence, 
knowing the bending moment everywhere and the depth 
d, it is easy to find the moment of inertia I, and con- 
sequently the section, as the condition of uniform strength is 

I = Hh — -y /being the stress to which the material may 
2 / 

be subjected. The student will find no difficulty in 
completing the question. 



ANSWERS. 



Example 1. — Results for Warren Girder. 



AB 


+ 17,320 lb. 


AF 


+ 17,320 lb. 


BG 


- 8,660 


FI 


- 8,660 


BC 


- 17,320 


EF 


- 17,320 


CD 





DE 





AC 


+ 17,320 


AE 


+ 17,320 


DH 


- 17,320 







Example 2. 



Total Force, + push, 
— pull. 


Hinge at left-hand end. 


Hinge at right-hand end. 


In AH 


-f 14,875 lb. 


4- 16,600 1b. 


B I 


+ 12,950 


+ 14,750 


C J 


+ 13,625 


-f 15,800 


DL 


+ 18,000 


+ 20,000 


EM 


+ 14,900 


-f 15,800 


FN 


+ 19,075 


-f 20,800 


GH 


- 10,975 


— 15,000 


H I 


4- 1,675 


+ 2,850 


I J 


+ 1,625 


-f 2,850 


J K 


- 6,625 


- 9,450 


KL 


-^ 12,725 


— 14,500 


LM 


+ 4,675 


4- 6,450 


MN 


+ 4,580 


4- 6,360 


NG 


- 17,050 


- 21,500 


KG 


- 4,875 


- 8,600 
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LESSON XXIX. 

CYLINDRIC AND CONICAL SPIRAL SPRINGS. 

The general law for the elongation of a cylindric spiral 
spring, subjected to an axial load W, is — 



x=V^ li^ 



( 



cos' a 



+ 



sin« a\ 



and the relative turning of the ends is — 

<pz=lW r Bma cos a( - —-)f 

\A B/ 

where I is the length of wire in the spring, r the mean 
radius of the coils, a the angle which the centre line of 
the wire makes with a plane at right angles to the 
axis of the spring, A and B being constants expressing 
respectively the torsional and flexural rigidities of the 
wire of which the spring is composed. Values of A and 
B, for a few common sections, are given below : — 



Shape of Section. 



Circle 

Ellipse, diameters D and d 

Major diameter parallel to axis of 

spring 

Square, side S 



Value of A. 



Rectangle ; breadth ft, thickness t, 
side b parallel to axis 



Value of B. 



irNrf-^ 


irEd* 


32 


64 


irNI)»tf3 


irEDrfS 


16(D-'« + rf2) 


64 


•14058NS-* 


ES* 
12 


3 ^. ftH^'-* 




If ^ is very 

11 


Eft^a 



small com 
pared with ft, 

=- xbfi 
3 



12 
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A. short proof of this geneiul law may be interesting. 

If the wire were everywhere horizontal, it would be 
twisted by a couple whose moment is W r. But the 
wire is not horizontal, hence (Fig. 68) measure off D A 




to represent W r, draw A B at right angles to the centre 
line O B, and complete the rectangle B C. Then W r cos 
a, the twisting moment (see page 4), is represented by 
D B, and W r sin a, the bending moment, by D C. 
Besides these there is a shearing force W distributed 
over the section, which, however, may be neglected. The 
angles through which unit length of spring moves, due to 
the twisting and bending moments respectively, are — 

W r cos a . W r sId a 

: and — 

A B 

Projecting these angles on the horizontal plane, and 
paying proper regard to signs, we get — 

(W r cos a sin tt W r cos a sin a\ , 
-^ 5 )' = <' . • . (!)• 

Next, project on the vertical plane, and 

W J' cos- a W r sin^ a 
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is the projection of the angular motion of unit length. 
Hence, the projection of length I being I times this, and 
that of the length of arc / r times it, we have — 

(2)... ^ = Z, (___ + — __), 

which agrees with the rules already given. 

For a square section where a is so small that it may 
be taken as zero^ 

•14058 N«*' 

8 being one side of the square. 

For a spring of round wire, the angle of coiling, a, 
being very small, the rule for stiffness becomes — 

32 W I r2 



a? = 



Nrf* 



The law for the circular section, last referred to, is 
easily worked out separately. 

RULES FOR STRENGTH. 

Circular section, a = 0. The rule is — 

For a square section, 8 being a side of t^e square, the 

maximum stress in the scuff due to the application of an 

axial load W is — 

4-79 W T 

For a rectangular section 6 > 6 ^, it is — 

The resilience of a spring of round wire in inch-pounds 

= - A' 

4 n' 

Wg is the greatest load it will bear without getting a 
permanent set, f^ the greatest elastic shear stress of 
the material, v being the volume in cubic inches of stuff 
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in the spring, and N the modulus of rigidity in lb, per 
square inch. 

For a conical spii^al spring — generally called a volute 
spring — such as that shown in Fig. 69, the rule for 




stiffness is — 



Fig. 69. 



3irW 



\ n o Jf 



where b and t are the breadth and thickness of the 
section respectively, X the increment of radius per coil, 
"R^ and B.^ being the greatest and least mean radii of 
the spiral respectively. The greatest elastic load is — 

^. = ?^^.- 

n 

Numerical EQcamplea, 

1. A spiral spring of the best tempered steel has a length 

of (round) wire 120 inches, mean radius of coils 1 inch, 

diameter of wire \ inch ; how far will this spring 

elongate with a load of 50 lb.1 Find the greatest 

lengthening before permanent set takes place, and 

the load producing this lengthening. 

N = 13,000,000. 

f^ = 100,000 lb. per square inch. 

Find also the resilience of the spring. 

* " Minutes of Proceedings of the Institute of Civil Engineers," 
vol. ci., p. 265. 
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2. A spring is required — for a safety-valve — which is to 

shorten ^ inch for a pressure on the valve of 100 lb. 
per square inch, the effective area of the valve being 
12 square inches. The length of wire in the spring 
is 60 inches, the radius of the coils 1^ inch ; find the 
diameter of the wire, it being of best tempered steel. 
What force will just permanently injure this spring? 

3. A cylindric spiral spring of round wire is required, 

which is to shorten ^ inch for a load of 100 lb. If 
the mean diameter of the coils is 3 inches, and the 
number of coils 10, find the diameter of the wire, N 
being 13,000,000. If/, is 100,000 lb. per square 
inch, find the greatest load which will not per- 
manently injure the spring. Find also its resilience. 

4. A cylindrical spiral spring of square wire is required, 

which is to shorten 1 inch under a load of 960 lb. 
If there are 9 coils in the spring, which is 3 inches 
in mean diameter, find the section of the stuff, the 
angle of coiling being very small. ]Sr= 12,000,000. 
Taking the same proof-stress as in the last Example, 
find the greatest load which the spring will bear 
without permanent set. Find also the proper size 
of section if the angle of coiling is 45°, in which case 

the length of wire is -v^Y times as great as before. 
E = 36,000,000. 

5. A spring similar to the last is required, the coils of 

which are to close right up with a load of 2,000 lb. 
If the space between two successive coUs, when the 
spring is unloaded, is equal to the side of the section 
of the wire, find the proper size of section. 

6. In a volute buffer spring the breadth of the strip is 

4*5 inches, mean thickness 0*3 inch, maximum and 
minimum radii of coils (which are supposed just to 
fit so that \ = t) 2*6 and 1*4 inches respectively. 
Taking N = 13,000,000, and /, = 100,000 lb. per 
square inch, find the deflection of the spring for a 
load of 2 tons; and also the greatest load it will 
bear without permanent injury. 
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A N S W p] E S . 



1. Elongation for 50 lb., 1'203 inch. Elongation for 

set, 7*38 inches. Load producing this 
306-8 lb. Keyilience, 1,133 inch-lb. 

2. Diameter of wire, '709 inch. Proof elongation, 

Proof load, 4,679-9 lb. 

3. Diameter of wire = -426 inch. Greatest safe load 

Besilience = 216 ft.-lb. 

4. Side of square = -57 inch. Maximum load = 

If angle of coiling is 45°, S = -58 inch. 
6. S = -49 inch. 
6. Deflection = 1-865 inch. Maximum load = 5,192 



permanent 
elongation, 

1-95 inch. 

= 1,019 lb. 

2,677-5 lb 

31b. 



LESSON XXX. 

CARRIAGE SPRINGS. 

{Compiled by Professor Perry,) 

TluLES (refer to Fig. 70, where 3 = overlap, and licnce 
n S =z I) : — 




Fig. 70. 
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E « 6 W ^ 6 W Z« 

(1) / = -«. (2) /==-^. (3) <^ = ;^3^- 

Where ^ = thickness of each plate (in inches). 
b = breadth 
d = deflection of spring 
n = number of plates. 
E := Young's Modulus of Elasticity. 
a ■=■ change of curvature. 
/= stress in plate due to bending. 

N.B. — ^The spring is supposed to be just straight when sub- 
jected to its proof stress. It is easy to deduce Ihe above rules 
from the laws of bending. The half-spring is like a cantilever, 
the bending moment on the top plate, say, increasing from the end 
to the point where it rests on the next plate, and then remaining 
constant = W $, the maximum stress on all the plates being the 
same. Since 



alao — 



CO = = 12 , and f = — -t 

EI Bbfi* -^ I 

2/ ^ ^ 6W; 
;}? = ;,« = — -, and / = 



as in (1) and (2), (3) is easily deduced. 

Numerical Exajaplea, 

1. What ought the initial curvature of a ^-inch plate U> 

be, if the proof stress is 80,000 lb. per square inch 1 
E = 30,000,000. 

2. If the plate of (1) is 36 inches long (2 ? = 36), whi.t 

is its initial dip 1 

3. If there are 6 such plates, what is the overlap of each 

on its neighbour 1 

4. If the breadth of each is 3 inches, find the deflection 

for a load (2 W) of 5,000 lb. 

5. Find the load 2 W which will produce the deflection 

1-72 inch — ^that is, which will just straighten the 
spring. 

6. How many plates |^-inch thick, 3 inches broad, the 

longest 30 inches long, of the above-mentioned steel 
will be required for a spring whose proof load is to 
be 2 tons 1 

KoTE. — In well-made carnage springs the resilience 
is /i' -5- 6 E inch-pounds per cubic inch, /j being the 
proof stress. 
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7. A spring is wanted of the above steel to take a proof 
load of 3 tons, with a deflection of 3 inches just 
making it straight. Find the total resilience, and 
hence the volume of the metaL If the total length 
(2 l) is 36 inches, and b 3^ inches, find t and 7%. 



ANS WEES. 



1. « = *0106, or radius of curvature = 94 inches. 

2. 1*72 inch approximately. (Dip =-— nearly). 

3. Overlap, 3 inches. 

4. rf= 1-296 inch. 

6. 6,635 lb. 6. 6 plates. 

7. 10,080 inch-lb. Volume = {n+l) bt l^ initial dip = 3 inches; 

hence, if 2 Z = 36, 6 = 3^, n= 16, and t = -288 inch. 



LESSON XXXL 

SIMPLE HARMONIC MOTION. 

^ Displacement . , , 

Rules : , , — -: — = constant, and 
Acceleration 

T - 9 A /?S52^^, T being the periodic time of 
± _ z T /y^ acceleration one complete vibration. 

If the displacement from mean position be called x, 

4 ir' 

then acceleration = -=^ x, 

PROOF OF RULES. 

Let the body moving on a circle have a constant 
angular velocity of A radians per second, and let time 
be reckoned from passing M (Fig. 71). The displacement 
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X of the projection agrees with the angular displacement 
A t oi the radius. 

Referring to the body moving on the diameter, with 
a motion which is the projection of the motion of the 




Pig. 71. 



[)article moving on the circle (the latter being uniform 
the former will be simple harmonic) — 

d x 

= A r cos A ij since x = r sin A t. 



d t 



d^ X 



. • . acceleration = — -r- = — A^ r sin A <, 

0/ t 

= ~ A2 a;. 
Since T is the periodic time, A T i^ 2 x, 

and hence the rule becomes — 



acceleration 



ion = - {-) 



T 

4jr2 



X X. 



or neglecting the — sign 



/- 



displacement x 



acceleration 



The negative sign shows that the velocity decreases as 
the body moves away from its mean position. 
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It is easy from this to show that the periodic time 

of a simple pendulum is T = 2 gr xj -, where I is the 

length of the pendulum in feet. 

Numerical Examples, 

1. Find the length of a simple pendulum that will beat 

seconds at a place on the earth's surface where 
g = 31-29. 

2. In the College steam-engine the cross-head weighs 

71 lb., piston 159 lb., piston-rod 32 lb., con- 
necting-rod 114 lb. ; the speed being 100 revolu- 
tions per minute. Find the accelerating force 
acting when the piston is at distances equal to 

\y 4> T¥> ^^^ It ^^ ^^® stroke from its middle 
position ; crank, 1 foot ; half the weight of the 
connecting-rod is neglected. 

3. A U-tube consists of a semicircular part connecting two 

straight vertical parallel limbs. The distance between 
the straight parts is 18 inches, the internal diameter 
of the tube If inch (thickness of tube neglected). 
It is filled with water to a height of 9 inches in 
each straight part. If the water is displaced and 
then allowed to swing backwards and forwards, find 
the time of one complete vibration. 

Note. — It can be shown that the time of vibration is 
the same as that of a simple pendulum whose length is 
half the length of the liquid column. 

4. A cage weighing one ton is supported by one mile of 

vertical steel wire rope one square inch in section. 
Assuming that 1 cubic inch of the rope weighs 
•155 lb., E being 27,000,000, that the whole rope 
vibrates longitudinally with a simple harmonic 
motion, and that half the whole mass of the rope 
exists only at its lower end, the rest of its mass 
being neglected ; find the periodic time of vibration. 

5. A magnetic needle makes 20 complete vibrations in 

3 seconds, and when 2 masses (each of 1 ounce) are 
placed jeach at 3 inches from the axis, and on opposite 
sides of it, it makes 20 vibrations in 4 seconds. 
Find the moment of inertia of the needle itself. 
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Explanation. — Taking the rule T = 2 » v '^^ ^eraUon * 

and remembering that angular acceleration = 

T^"? .. , for the unloaded and loaded needle, with 

moment of inertia* ^ ^ \ 

the Bame given displacement, the only thing in the right- 
hand expression which varies is the moment of inertia. 
Let displacement be called * and torque M. 



i 


1" 


•• 




\ 


2 Wl 

9 (Tj^ - 




T / 

Then r^ -= / 


M-rI„ 
8 


2 W r» 


■J 

T2 
hence — 


M -f 


I 

o 


or I 




9 


"lo 


. 2 W»-2 


-T«) 



I is the required moment of inertia of the needle itself, 

W the amount of each added weight in lb., r its distance 
from the axis in feet, T the time of vibration of the needle 
unloaded, and Ti that of the needle when loaded. 

6. Three equal similar and similarly supported discs 

vibrate in three different fluids. Their periodic 
times of vibration are approximately equal, being 
3 5 seconds; the ratio of the amplitude of two 
successive swings, in one direction, being 0*98, 0*9, 
and 0*8 in the three cases respectively. Compare 
the viscosities of the fluids. 

7. A pendulum consists of a spherical ball of wrought- 

iron 3 inches in diameter, supported by a wrought- 
iron wire ^ inch in diameter and 16 feet long from 
the point of suspension (which is at one end) to the 
place where it enters the ball. Find the length of the 
simple pendulum which will vibrate in the same time. 



ANSWEES. 



1. 3-17 feet. 

2. 271-6 lb., 643-2 lb., 905-34 lb., and 1,03614 lb., respectively. 

3. 1*569 second. 4. 1*32 seconds. 

5. '000312, one foot being taken as the unit of length. 
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6. Viscosities are as 90 : 46 : 8. 

7. I = 47-57. Time of vibration, T = 4*107 seconds. 

of equivalent simple pendidum, 13*76 feet. 



Length 



LESSON XXXII. 

ANALOGIES BETWEEN THE LAWS OF LINEAR AND 

ANGULAR MOTIONS. 



Acceleration =s 



Force 
Mass 



1. A force of 200 lb. acts on a 
body which can move freely, 
its weight being 3,220 lb. 
Find its acceleration. 



2. A force of 50 lb. acts on 
a free body whose weight 
is 837*2 lb. Find the ac- 
celeration. 



Angiilar 
acceleration 



Moment or torque 
Moment of Inertia 

la. A torque of 200 pound-feet 
acts on a fly-wheel with a 
very thin rim, the mean 
radius of the rim being 3*16 
feet, and its weight 322 lb. 
Find the angular accelera- 
tion (friction being ne- 
glected) . For I, see page 52. 

2a. A sphere of 2 feet diameter 
is composed of brass (which 
weighs 600 lb. per cubic 
foot), and can rotate freely 
about a diameter. If a torque 
of 50 pound-feet act on it, 
find the acceleration. 



Velocity = acceleration x time. 

3. If the force mentioned in 
Ex. 1 act on the body for 6 
seconds from rest, what will 
be the velocity of the body 
at the end of that time ? 

4. Find the linear acceleration 
of a sphere of cast-iron, 12 
inches in diameter, which 
moves freely under the 
action of a force of 20 lb. 
If the sphere had already 
an acceleration of 4 feet per 
second per second along a 
line at right angles to the 
direction of the 20 lb. force, 
find the angular change in 
the direction of motion. 



Ang^ilar velocity = angular ac- 
celeration X time. 

3a. If the torque mentioned in 
Ex. la act on the fly-wheel 
for 6 seconds from rest, what 
will be the angular velocity 
at the end of that time ? 

4a. Find the moment of inertia 
of a sphere of cast-iron of 12 
inch es diameter. If a coupl o 
whose moment is 20 pound- 
feet act on the sphere for 
three minutes from rest, 0nd 
the angular velocity pro- 
duced. If the body had 
already an angular velocity 
of 240 radians per second 
about an axis perpendicular 
to the first, find the angular 
change produced in the axis 
of rotation. (See page 64.) 
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Momentum = mass x Telocity. 

6. When the body mentioned 
in Ex. 1 is moving at the 
rate of 12 feet i)er second, 
find its momentum. If this 
momentum is destroyed in 
5 seconds, find the average 
retarding force. 



Moment of momentum = angular 
Telocity x moment of inertia. 

5a. When the fly-wheel men- 
tioned in Ex. la is moving 
at 1 2 radians per second, find 
its moment of momentum. 
If this momentum is de- 
stroyed in 6 seconds, find the 
average moment stopping 
the wheel. If this moment 
consists of two equal and 
opposite tangential forces 
applied at opposite sides of 
the rim, find the amount of 
each force. If the coeffi- 
cient of friction is '1, find 
the amountof each pressure. 



Distwioe passed through =s'| ac- 
celeration X (time)*. 

6. How far will the body men- 
tioned in Ex. 3 have moved 
at the end of the sixth 
second of its motion ? 

7. How far will the body men- 
tioned in Ex. 2 have moved 
at the end of 6 seconds P 



Angular distance passed through = 
^ angular acceleration x (time)*. 

6a. What angle will the wheel 

in Ex. 3a have described in 

the 6 seconds from rest ? 

7a. What angle will a radius of 
the sphere in Ex. 2a have de- 
scribed from starting till the 
end of the fifth second ? 



Energy = ^ mass x (velocity)*. 

8. A body whose weight is 
10,368*4 lb. moves with a 
velocity of 62-832 feet per 
second. Find its kinetic 
energy. 

9. A body which weighs 322 lb. 
has a store of kinetic energy 
of 10,000 foot-pounds. What 
is its velocity P 



Energy = ^ moment of inertia x 
(angular velocity)*. 

8a. A fly-wheel whose moment 

of inertia is 322 revolves 10 

times per second. Find its 

kinetic energy. 

9a. A body whose moment of 
inertia is 10 possesses a ki- 
netic store of 10,000 foot- 
pounds of energy. What is 
its angular velocity P 



Hor8e-i>ower = 

Force x velocity in feet per minute 

83,000 

10. The steady pull of the rope 
from an hydraulic capstan 
which draws a carriage is 
100 lb., the carriage mov- 
ing at a steady speed of 
500 feet per minute. Find 
the HP exerted. 



Horse-power = 

Moment x angular yelodty in 
radians per minute 

83,000 
10a. A shaft is acted on by a 
couple whose moment is 100 
pound-feet, the velocitj' of 
the shaft being 79*3 revolu- 
tions per minute. Find the 
HP given to the shaift. 
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Additiojud General Examples, 

11. What moment applied to a wheel, whose rim weighs 

5 tons, mean radius 3 feet, will get up a sj)eed of 
20 revolutions per second in one minute — friction 
being neglected 1 

12. A torque of 500 pound-feet is applied to the wheel in 

the last example ; what is the angular acceleiution 
produced ] 

13. What is the angular velocity of the wheel, in that 

case, at the end of 7 seconds from rest 1 

14. Through what total angle will the wheel have turned 

during the 7 seconds 1 



ANSWERS. 



1 . 2 feet per second per Becond. 

2. 1'923 foot per second per 
second. 

3. 12 feet per second. 

4. 2*62 feet per second per 

second. Change of direc- 
tion, 34** 7'. 

6. Momentum, 1,200. Aver- 
ago force, 240 lb. 



6. 36 feet. 

7. 24-037 feet. 

8. 636,605-6 ft.-lb. 

9. 44-7 feet per second. 

10. 1-61 HP. 

11. 6,666 Ib.-ft. approximately. 
13. 1*12 radian per second. 



la. 2 radians per second per 
second. 

2a. 1-923 radian per second 
per second. 

3a. 12 radians per second. 

4a. 1= '76 Angular velocity 
= 4731-6 radians per 
second. Angular change 
of axis, 87° 13'. 

ba. Moment of momentum, 
1,200. Average moment, 
240 Ib.-feet. Each force 
is 37'9 lb. Each pressure 
is 379 lb. 

6a. 36 radians. 

7a. 24 037 radians. 

8a. 635,610 ft.-lb. 

9a. 44' 7 radians per second. 
10a. 1-51 HP. 

12. '16 radians per sec. per sod 
14. 302 radians. 
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LESSON XXXIII. 

HYDRAULICS. HYDRAULIC MACHINERY, ETC. 

In problems connected with the steady flow of water 
from one place to another, the fundamental law — 

V2 f 

h 4- H — = constant, for every pound of water, 

2g w 

is of the greatest service to us. In this formula h is 
the height above datum in feet, v the velocity in feet per 
second, f the pressure in lb. per square foot, and w the 
weight of one cubic foot of the water. The law may be 
proved as follows : — Imagine a very smd.ll mass of water 
flowing along stream lines, as shown in Fig. 72. Imagine 




it to be a f rictionless fluid acted on only by gravity. Let 
a be the cross-sectional area of the little column, its 
length being I s, the velocity and pressure being v and / 
at one end, v ■\- h v and / + ^ y at the other. Since 
force = mass x acceleration, the resultant force in the 

direction of the stream tube \& — a ^ 8 — . 

9 8 i 
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Since the force of gravity resolved along the stream 
tube, together with the resultant of the pressures on the 
ends of the column, is equal to the acting force, it must 
equal the above expression. 

The resolved jiart of gmvity ia w a B 8 cos a, the 

resultant impressed force in the same direction \a fa — 

{/+ ^/) »> hence — 

to S V 

— a8«—- = M»a8« cos a+/a-(/+ 5/) a. 

g e t ^ w • IT * 

Dividing across by a we get — 

— 8 «-— = ir5«C08o — 9f. 
g B t 

We have taken Z a any small element of length ; take it 

8 8 

such that — = V, also let 3 8 cos a = — i h; then our 
equation becomes — 

ff •" 

or - p8f;+8* + ?/=o. 
ff to ' 

Letting the quantities become indefinitely small, and 
integrating, we get — 

2/7 

Or in the case of water — 



«2 /■8/ 

+ * + / ;r =^ constant . . . (1). 



^ + A + L =1 constant . . . (2). 
1g w ^ ' 

These terms may be called respectively the kinetic, 
the potential, and the pressure energy of the 1 lb. of 

water. 2*3 j9 may be written for -^ where /? is the 

pressure in lb. per square inch. This law is often re- 
quired in solving Examples, such as Nos. 11, 18, etc , and 
for the calculation of power wasted in hydraulic mains. 

Numerical Exaraplea, 

1. To punch a certain hole in a boiler-plate requires the 
exertion of a force of 56,000 lb. This is produced 
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by the action of water, at a pressure of 750 lb. per 
square inch, on the ram of an hydraulic punching 
machine. What is the area, and what the diameter 
of the ram ] 

2. Taking the rule that the force required to punch a 

hole of diameter D in a plate of thickness T is 80 D T 
tons, what size of hole will the machine in Ex. 1 
punch in |-inch plate 1 

3. A ram of 15 inches diameter can rise and fall in a 

press through a height of 12 feet. If the pressure 
of the water is 1,500 lb. per square inch, what 
weight may be placed on the ram? When this 
weight is at its full height it possesses a store of 
energy; how much is this store? Suppose this 
energy all given out in 15 seconds, what HP will 
it develop in hydraulic machinery of 40 per cent, 
efficiency (the weight of the ram, etc., being neg- 
lected) ] 

4. In a direct-acting hydraulic hoist the weight of the 

cage and ram is 2 tons, and the weight in the cage 
i ton. The ram is 5 inches diameter, and 44 feet 
of it are in the press at the beginning. What 
ought to be the height of water in a tank com- 
municating with the press to just work the hoist in 
its lowest position 1 What ought to be tlie height 
of the water in the tank when the hoist has risen 
20 feet ? What when it has risen 40 feet? 

Note. — The pressure of the water in lb. per square inch, 

due to a "head" of h feet, is -—. The ram, when im- 

2-3 

mersed in the water in the press, seems to lose weight; 

this loss being equal to the weight of the water displaced 

by it. 

5. The fixed weight of the above-mentioned hoist (2 tons) 

is balanced by means of a chain and counterweight • 
find the weight of the chain per foot for perfect 
balance in all positions of the hoist, the pressure 
inside the press being supposed constant. 

6. A water-pressure engine with three cylinders is 

worked by water from an accumulator at a pressure 
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of 700 lb. per square inch. If the diameter of each 
piston is 5 inches, stroke 1 foot, speed 55 revolu- 
tions per minute, find the indicated HP of the 
engine (it is single-acting). 

7. In an Armstrong hydraulic crane the diameter of the 

ram is 9 inches, and the motion of the ram is 
magnified eight times by means of pulleys, so that 
the weight lifted moves eight times as fast as the 
ram. If this crane is driven by water at a pressure 
of 700 lb. per square inch, what will l>e its efficiency 
when lifting 2 tons ? 

Hint. — Let the load W lb. bo lifted 8 feet, the ram 
moving out 1 foot. W x 8 is the work given out by the 
machine, whilst the energy put into it is that contained in 
the water necessary to fill 1 foot of the space left by the 
ram. Every 1 lb. of the water has 23 x 700 ft.-lb. of 
energy in it, hence the energy in the water required to 
fill the 1 foot is easily found (the energy being mainly 
pressure energy). The ratio of W X 8 to this amount is 
the efficiency. 

8. Suppose the crane in the previous Example, instead of 

having a ram of uniform diameter, has a piston 
of 9 inches' diameter with a piston-rod of 5 inches' 
diameter; if both sides of the piston are put in 
communication with the accumulator, what weight 
will the crane lift, the efficiency of the machinery 
being 62 per cent. ] 

9. What is the velocity with which water leaves a sharp- 

edged orifice in a vessel, 20 feet below the free 
sui-face of the water in the vessel] (Formula, 
v3 = 2 ^ h.) 

10. A round orifice is 3 square inches in area, and the 
contracted vein is 0*6 of the area of the orifice; 
what is the rate of flow ? Head as in last Example. 

11. Twenty cubic feet of water pass per second along a 

pipe, keeping it full. At two places the sections 
are 3 square feet and 2 square feet respectively, 
difierence of levels 10 feet. What is the difference 
of pressure assuming no friction 1 

12. Round a certain bend in a pipe of 2 square feet 

section (20 cubic feet per second being the flow) the 
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loss of energy due to friction is one-tenth of the 
kinetic energy of the water; what is the loss of 
pressure if there is no fall in the pipe 1 

13. D'Arcy's experiments tell us that each pound of 

water loses f^ times its kinetic energy in flowing 

along a straight pipe of diameter d feet, length 
L feet, where f is -0058 for a 6-inch pipe. A 
straight pipe 6 inches' diameter, 1,000 feet long, 
conveys 4 cubic feet of water per second ; what is 
the total loss of energy per pound ? Express it as a 
hei£fht. 

14. A pipe which conveys water is 5 miles long and 

6 inches in diameter ; with 60 feet head, what will 
be the flow ] 

Note. — It ia easy to deduce from D'Arcy's formula 

L 0,2 
the rule d^ = -00058 , d being the diameter, L 

Ii 

the length of pipe, H the head, all in feet, and Q the 
quantity flowing in cubic feet per second. (See page 165 
for variation of coefficient.) 

15. A water main is to deliver 100,000 gallons per day 

of 24 hours ; there are no bends in the pipe, wliich 
is 1 mile long and 2 feet in diameter. Find the loss 
of head due to friction in the pipe. 

16. Petroleum oil is to be sent through a pipe a distance 

of 60 miles, the available head being 200 feet, and 
quantity to be sent 4 cubic feet per second. Find 
the proper diameter for the pipe on the assumption 
that the same rules hold as for water. 

17. In the last Example, if the density of the oil be 

0*88, what would you consider a proper thickness 
for the pipes, safe stress of the metal being taken 
at 2,600 lb. per square inch? 

18. Find the total energy of 6 cubic feet of water 
flowing at the rate of 10 feet per second under a 
pressure of 500 lb. per square inch, and at a height 
of 30 feet above datum. 

19. A cylindrical vessel 9 inches in internal diameter is 
filled to a height of 18 inches with water; it is 

L 
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mounted on a raft, and placed in a still pond« 
There is a hole -| inch in diameter with sharp edges 
in the vessel, the centre of the hole being 16 inches 
from the surface of the water. Find the force 
acting on the vessel tending to move it along, the 
head of water inside being supposed constant, and 
weight of vessel and raft 6 lb. (Coefficient of 
contraction = '6.) Find also the acceleration of the 
vessel, neglecting the small resistance due to friction. 

20. A centrifugal pump has a lift of 10 feet. If its 

outside diameter is 2 feet, find the speed of the 
pump, the vanes being radial to the outside cir- 
cumference. 

Note. — The speed of the circumference should be that 
of a stone which has fallen freely through a height equal 
to half the head, friction being neglected. 

21. A centrifugal pump delivers 80 cubic feet of water 

per minute. If the outside diameter is 3 feet, find 
the useful HP of the pump, the vanes being radial, 
speed 150 revolutions per minute, and friction 
neglected. 

22. A centrifugal pump is going at 500 revolutions per 

minute, inside radius 1 foot, outside radius 2 feet ; 
assuming that the delivery pipe is so high that the 
pump is delivering little water, find the change of 
pressure in lb. per square foot. 

23. At what speed must the pump in Example 22 run, 

to produce a change of pressure = 15 feet of water 1 

24. An inward-flow turbine is required for a fall of 

30 feet ; find the speed at which it should run, the 
vanes being radial, and its outside diameter 3 feet. 

25. A centrifugal pump is employed to lift water 10 feet. 

If the outside diameter of the revolving vanes is 
2 feet, outside breadth 5 inches, and speed 171 
revolutions per minute, find the quantity of water 
delivered in gallons per minute, friction being 
neglected. Find also the HP given to the water 
by the pump. 

Note. — ^The radial velocity of the water through the 
wheel is generally taken as | of that due to the total fall. 
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If it is found in practice that it is necessary to run 
the pump at 250 revolutions per minute in order to 
get this flow, find the " hydraulic efficiency " of the 
pump. 

The "hydraulic efficiency" is found by dividing the 
lift in feet by ■— -, where v is the velocity of the cir- 
cumference in feet per second. 



ANSWEES. 



1. Area, 74*66 square inches. Diameter, 9*72 inches. 

2. Diameter of hole, '832 inch. 

3. Weight, 118-34 tons. Energy, 3,180,840 ft.-lb. 154*22 HP. 

4. 612-18 feet. 632-11 feet. 651-98 feet. 

6. 4-247 lb. per foot. Weight of 2 feet of chain must = weight 

of 1 foot of water column displaced by ram. 
6. 22-9 X 3 HP. 7. 80*46 per cent. 

8. 1,065-3 lb. 9. 35-8 feet per second. 

10. -448 cubic foot per second. 

11. Change of pressure, 3-968 lb. per square inch (the smaller 

section being the lower). 

12. Loss of pressure, -067 lb. per square inch. 

13. Loss of energy, 298*8 ft. -lb. Loss of head, 298*8 feet. 

14. '349 cubic foot per second. 

15. *0033 ft.-lb. lost by each pound of water. 

16. Diameter, 1-7 foot. 

17. Thickness = -3 inch. 18. 441,650 ft.-lb. 

19. Force, *305 lb. Acceleration, *2 foot per second per second. 

(Force = momentum per second.) 

20. Speed, 171*6 revolutions per minute. 21. 2*6 HP. 

22. Change of pressure, 5,290 lb. per square foot (neglecting 

friction). 

23. Speed, 171*4 revolutions per minute. 

24. Speed should be 149 revolutions per minute. Velocity of cir- 

cumference of wheel should be that of a stone falling 
freely through a height == half the head. 

25. 3,736 gallons per minute. 1124 HP. Hydraulic efficiency 

47 per cent, nearly. 
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LESSON XXXIV. 

HYDRAULIC AND ELECTRIC TRANSMISSION OF POWER. 

In deducing an approximate formula for the power 
wasted in hydraulic mains, we may regard the whole 
energy of 1 lb. of the water, at a pressure of p lb. per 
square inch, as pressure energy, and hence equal to 
2*3 p ft.-lb. If the flow is Q cubic feet of water per 
second, ;? Q x 2-3 x 62'4 or 144 p Q ft. -lb. of energy 
enter the pipe per second, and therefore the HP entering 
the pipe (call it E) is — 

144 X 60 X j9 Q 

= nn nnn = '2605 pQ (1). 

33,000 ^ ' 

L v^ 

But the loss per lb. is approximately '0058 x 4 - — — in L 

feet of straight pipe, and above we have 60 x 62*4 Q lb., 
hence the loss of energy per minute is — 

•0058 X 4 - — — - X 60 x 62-4 Q ft.-lb. ; 
d x2ff 



and the HP wasted is — 

•0058 X 4 X 60 X 62-4 L t?a Q 



(2). 



64-4 X 33,000 d 

E 
To get all in terms oi p,^ d and L, we have - 



•2605 p 
= Q from (1) j also we know that — 

Q , 16 Q2 16 E2 
V = ,', v^ = 



:^d^ v^ d* (-2605)3^2^3^* 

or (3) HP wasted (call it W) 

LE8 
= '^^374 . — --. 

In these formulae L and d are in feet, and p in lb. 
per square inch. It should be noted that the coefficient 
•00374 is only strictly correct for a 6-inch pipe, but the 
variation in its value is not great for any likely value of 
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c?, and it can be found from D^Arcy's coefficient, which is 
really -005 (1 + ^). 

If the HP to he delivered is given (call it D), then 
E = D + W, which must be substituted in the above 
rule (3) ; and W can be found by trial or by means of 
squared paper. 

In electric transmission of power, if the conductor is 

given, the voltage and current at the sending station 

P X 
being P and C respectively, then E = , and the 

HP wasted in heating the conductor is W = "tI^* 

where R is the resistance of the conductor in ohms, and 

hence (4) W = 746 ~ x R. 

The resistance of 1 mile of copper conductor 1 square 
inch in section, at the ordinary temperature, is '04378 
ohm ; hence, if there are L miles of conductor altogether — 

« 

"ps T "P^ T 

(5) W = 746 — X - X -04378 . = 32-66 ^ x — 

If the current density is fixed at, say, 380 amperes 
per square inch — in other words, if each square inch of 
cross-section of conductor carries 380 amperes of current 

— the rule simplifies to 

E 
(6) W = 16-636 - X L. 

Remember, L is in miles ; and a, as the area of the 
cross-section of the copper conductor, in square inches. 



ECONOMY IN CONDUCTORS. 

If we wish the power wasted, by friction or resistance 
as the case may b?, to be the smallest possible, consistent 
with greater cost of pipe, conductor,- etc.,* it has been 

* See an article on this subject by the Author, published in 
Engineering of May 22nd and June 6th, 1891. 
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shown that, for a pressure at entrance of 700 lb. per 
square inch, the diameter of the pipe should be — 

d = 079 E^ ; 

and for a pressure of 1,400 lb. per square inch, the 
rule is — 

d = -049 E^. 

The similar electrical problem has been solved by 
several authorities. Lord Kelvin's rule is that the area 
of the conductor should be simply proportional to the 
current^ or in other words the current density^ a certain 
amount depending on the price of copper, the cost of 
1 electrical HP, etc. A current density of about 380 
amperes per square inch seems to be the best average. 
Professors Ayrton and Perry have also solved the 
problem * from the point of view of the power delivered 
at the distant station. Their rules are that the current 
should be — 

w 
= p (1 + sin <^), 

- P2 sin <p 

and r = — » 

n to (1 + sin <^)* 

r being the resistance in ohms per mile, which should be 
given to the n miles of conductor, w the power delivered 

n t 
in watts, and f is such an angle that tan ^ = — , ^ being 

a number (depending on cost of conductor, etc.), which 
may be taken as, or about, 17. 

The above rules were deduced for continuous cur- 
rents. For alternating currents there is little necessity 
for such calculations, the voltage being usually so high 
that the cost of conductor is of comparatively little 
importance. 

The student will remember that in a circuit conveying 
alternating currents, virtual E.M.F. (as found, say, by a 
Cardew voltmeter) x cos ^ = effective virtual E.M.F., and 
this -7- resistance gives virtual current. The product of 

* See the Electrician for March, 1886. 
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E.M.F. and current, in volts and amperes respectively, 
thus obtained, must be multiplied by cos to get mean 
power developed in watts. is here the angle of lag 
which is such that 2 ir n L -^ resistance in ohms is its 
tangent, L being the coefficient of self-induction, and n 
the number of periods per second. 

Numerical Examples. 

1. If 200 HP are sent into an hydraulic power main, 

6 inches in diameter and 1 mile loiig, find the power 
wasted, the pressure being 700 lb. per square inch. 
If the pipe is 5 miles long, find the waste. 

2. 200 HP are sent into a 6-inch pipe, the pressure 

being 1,400 lb. per square inch; find the power 
wasted by friction in 1 mile of pipe. If the pipe is 

4 inches in diameter, what is the waste % 

3. What is the gjreatest distance to which 500 HP can 

be transmitted through a 6-inch pipe with a waste of 
( 1 ) 20 per cent., (2) 50 per cent. 1 Pressure as in Ex. 1. 

4. 100 HP are to be delivered at a place one mile distant, 

the diameter of the pipe being 6 inches, and the 
pressure at entrance 700 lb. per square inch ; find 
the power wasted. If the pipe were 4 inches in 
diameter, find the waste necessary, and hence the 
power which must be provided at the sending station. 

5. If, in the case of the 4-inch pipe, 100 HP are merely 

sent in, what is the waste by friction in the pipe ? 

6. The current for an electric tramway is supplied from 

a generating station at one end of the line wliich is 

5 miles long, there being a return conductor. If 
the pressure at entrance is 200 volts, and 100 HP 
are sent in, find the power wasted in transmission, 
and the power which arrives at the other end of the 
line. Current density, 380 amperes per square inch. 

7. If it were necessary to deliver 100 HP at the distant 

end, what would be the power wasted, and hence 
what power must be sent in 1 

8. If we wish to transmit power electrically to a distance 

of 3 miles — there being a return conductor — the 
diameter of the copper wire conductor being 0*7 
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inch, the pressure at entrance 300 volts, and 50 HP 
being sent in, find the power wasted in heating 
the conductor. 

9. In the 5 miles of tramway referred to in Example 6, 

if the diameter of the copper wire conductor is 
1'128 inch, 100 HP being supplied at the gener- 
ating station, and 30 HP required at the distant 
end, find the voltage necessary at the generating 
station. 

10. Hydraulic system, 200 HP sent in, pressure 700 lb. 
per square inch, distance 5 miles. Electric system, 
same HP sent in, pressure 700 volts at entrance (in 
the two cases, the diameter of the pipe and conductor 
being respectively that most consistent with economy), 
find the waste of power. 

11. If in the last case the voltage at entrance had been 
2,000, what would have been the waste of power ? 

12. In question 10 what is the internal diameter of the 

hydraulic main 1 

13. In a circuit converging an alternating electric 

current the E.M.F. as measured by a Cardew 
voltmeter is 100 volts (virtual), the coefficient of 
self-induction is '001 henry,, the resistance 2 ohms, 
and the frequency 65 periods per second; find the 
current and the mean power. 



ANS WEES, 



1. 14-72 HP. 73.6 HP. 2. 184 HP. 14*48 HP. 

3. 2,293 feet. 5,732 feet. 

4. About 2 HP. 38-26 HP. 138-26 HP. 

6. 14-48 HP. 6. 8318 HP wasted. 1682 HP arrive. 

7. HP wasted, 64*76; hence 164-75 HP must be sent in. Area 

of conductor in this case found from Ayrton and Perry's 
rules. Best resistance, -01279 ohm per mile. 

8. 14-1 HP. 9. 216 volts. 

10. HydrauUc, 86 HP. Electric, 47-5 HP. 

11. 16-6 HP. 12. -76 foot, 

13. Current, 48*98 virtual amperes. Mean power, 4,802 watts. 
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LESSON XXXV. 

THE STEAM ENGINE. 

Numerical Examples, 

1. Tp the calorific power of a certain kind of coal is 

8,200 centigrade (British) thermal units per lb., 
what are the eflBciencies of engines (and boilers) 
which produce 1 HP by the burning of 1^, 2, 2i, 3, 
and 3i lb. of coal per hour ] 

One (British) centigrade thermal unit is equivalent to 
about 1,400 ft.-lb., and one Fahrenheit thermal unit to 
about 778 ft. -lb. of mechanical energy. The British ther- 
mal unit is the amount of heat required to raise 1 lb. of 
water one degree in temperature. (See page 35.) ^ 

2. How much water, fed at 40° C, ought to be con- 

verted into steam at 101*9 lb. per square inch 
pressure by 1 lb. of the above coal, if the boiler 
were perfect 1 If the efficiency of the boiler is 0*6, 
what is the feed-water evaporated per lb. of coal 1 

Note. — The following rule is due to Regnault: H = 
606*5 -f *305 t ; where H is the total heat of 1 lb. of steam 
at a temperature f* C, that is, the heat required to raise 
1 lb. of water from 0° C, and to evaporate it at t° 0. 

It wiU be found from a reference to tables given in 
any book on steam that a pressure of saturated steam of 
101*9 lb. per square inch corresponds with a temperature 
of 165" 0. 

3. If the evaporation is not taken as the actual quantity 

of water evaporated, but as if water at 100° C. were 
merely changed into steam at 100° Q., what would 
be the evaporative power of the boiler in the last 
example 1 

4. If the average coal supplied to engines may be taken 

as containing 7,200 heat units(C.), find the efficiencies 
of the following engines (including boilers, etc.) 
respectively, viz. : — 

1. A Tery good marine engine using 2 lb. of coal per actual 

HP per hour. 

2. A good factory engine using 3 lb. of coal per actual HP 

per hour. 



170 NUMERICAL EXAMPLES 

3. The College engine using 3^ lb. of coal per actual HP 

per hour. 

4. A good non-condensing engine using 6 lb. of coal per 

actual HP per hour. 

5. An ordinary small non- condensing engine using 12 lb. of 

coal per actual HP per hour. 

6. The worst old-fashioned non-condensing engines using 

20 lb. of coal per actual HP per hour. 

5. An indicator diagram is divided hoiizontally into 
18 equal parts by ordinates drawn at right angles to 
the atmospheric line, the lengths of these ordinates 
being as follows: 0, 1*56, 1*55, 1-38, M4, -95, -81, 
•71, -65, -59, -51, -41, 4, -35, -31, -3, -26, -25, 
inch respectively; the greatest length of the dia- 
gram parallel to the atmospheric line being 4*45 
inches. Scale of pressure, 32 lb. per square inch 
to one inch. The engine from which the diagram 
was taken had the following dimensions : diameter 
of piston 12 inches, length of crank 12 inches, and 
the speed 98 revolutions per minute. Find the 
indicated HP of the engine, using Simpson's rule 
to find the mean pressure of the steam from the 
diagram. Simpson's rule is as follows : — 

. X i sum of end ordinates -f 4 (sum of even ordinates) \ 

Area — ^ \ _|. 2 (sum of odd ordinates), j 

where x is the common distance apart of any two successive 
ordinates. 

X in this case = = '246 inch. 

18 

Hence area (in square inches) = 

/ (0 + 0) 4- 4 (1-56 + 1-38 -f '95 -f- "71 -f -59 ) 

•082 I + -41 -f -35 -f -3 -f -25) + 2 (1-55 + M4 V 

( + "81 + -65 + -61 + -4 -f -31 -f -26) ) 

Area = -082 | + 26 + 11-26 | 

Area = 3*055 square inches. 

3-055 
Hence mean height = — —- = -686 inch. 

4-4o 

Mean pressure = -686 x 32 = 21*95 lb. per square inch; 
whence the indicated HP can be easily obtained by the usual rule. 
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6. The breadths of an indicator diagram taken from a 

steam engine are 1-52, 1-55, 1-58, 1*52, 1*42, 1-13, 
0-94, 0-70, 0-62, and 0-55 inch, the scale being 
32 lb. per square inch to the inch. The crank of 
the engine is 12 inches long, diameter of piston 17 
inches, speed 110 revolutions per minute. Find the 
indicated HP. (Simpson's rule is not applicable to 
this case, as there is an even number of ordinates.) 

7. If the area of an indicator diagram is 4*232 square 

inches, and its greatest length parallel to the atmo- 
spheric line is 3 inches, scale of pressure, dimensions, 
and speed as in Example 6, what is the indicated 
HP? 

8. Suppose you are designing a steam engine, the law of 

the expansion of the steam in the cylinder of which 
will probably he p v = constant ; the cut-off being 
at -^Q of the stroke, the initial pressure being 60 lb. 
per square inch above atmosphere, the back pressure 
3 lb. per square inch above vacuum; find from 
theoretical considerations — 

(a) The mean affective pressure in the cylinder. 

(b) The work done by a cubic foot of steam in the 

cylinder. 

(c) The work done by 1 lb. of steam. 

(d) The probable indicated HP. 

(e) The number of lb. of steam required per minute. 

Dimensions as in Example 5. 

Explanation. — The following rules will be found in 
Dr. Hankine's " Steam-Engine " and Professor Perry's 
"Steam." 

(a) Let p„ p^, 7?g, be the mean effective pressure, 
initial pressure, and back pressure respectively, 
measured from vacuum. M a constant depend- 
ing on the law of expansion. For the law pv =: 

constant, M = -JlSEiJI steam beinsr cut off 

at -th of the stroke. These rules, and others 

r ' 

used in this Example, are founded on the 
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supposition that the diagram consists of straight 
lines and a regular expansion curve, as shown in 




Fig. 73. In this particular case the curve is a 
rectangular hyperbola. 
Then p^ = p^ M — p^, where 



M = 



1 + loffe 10 
10 



= -3303. 



Hence p^ = 74*7 x -33 — 3 = 21-65 lb. per 
square inch. This is the answer to part (a). 

(b) The work done by 1 cubic foot of the steam = 

144 r X ;?, = 144 X 10 X 21-65 = 31,176 ft.-lb. 

(c) The work done by 1 lb. of steam at an initial 

work done by 1 cubic foot of the steam 
pressure jt?i =  — 

Where D is the weight in lb. of 1 cubic foot, 
D may be found from a table given by Rankine, 
or it may be calculated from the empirical 

;, where p is the pressure in 



formula D = 



26-36' 

atmospheres ; whence D = '1752. 
. • . Answer to part (c) is 177,945 ft. -lb. 

(d) The probable indicated HP is easily found in the 

usual way, the mean effective pressure p^^ being 
known. Answer, 28-5 HP. 

(e) To find the number of pounds of steam required per 
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minute we have the rule : No. of pounds of steam 

D A V 
required per minute = TTTTi where A is the area 

of the piston in square inches, and Y its mean 
velocity in feet per minute. Answer, 5*28. 

Or the question could be worked by simple pro- 
portion ; for from part (c) we found that 1 lb. of 
steam does 177,945 ft. -lb. of work, and we want 
28*5 X 33,000 ft.-lb. done every minute; the 
question is how many lb. of steam are required 

. . T^ . . xi 28-5 X 33,000 
every minute. JLvidently — yyf^ — '^' = 

6*28 lb. as before. 
9. The law of expansion in a certain steam engine being 
pP-^ = constant, steam cut off at \ of the stroke, 
initial pressure 100 lb. per square inch, back 
pressure 3 lb. per square inch — 

(a) Find the work done in half a revolution of the 

crank-shaft, if the diameter of the piston is 
12 inches, and length of crank 12 inches. 

(b) If the clearance at one end is '02 of the volume of 

the cylinder, find the weight of steam used. 

(c) What is the work done per lb. of this steam 1 

(d) What is the weight of steam used in the cylinder 

per indicated HP per hour? Speed, 100 revolu- 
tions per minute. 

(e) If the waste steam for the steam jacket is 10 per 

cent, of what is used in the cylinder, what weight 
of water is evaporated per indicated HP per hour] 

(/) If 1 lb. of coal evaporate 9 lb. of water under 
the actual conditions, what is the amount of 
coal used per hour per indicated HP 1 

(g) What is the indicated HP ? 

Note. — If the law of expansion is generally pV' = 

constant, then the quantity M mentioned in the last 

—1 — fc 
_ , kr — r 
Example =- , 

k — l 

10. In an indicator diagram the law of expansion is 
pP-^ =s constant, steam is cut off at -J- of the 



174 NUMERICAL EXAMPLES 

stroke, and the initial pressure is 100 lb. per square 
inch. Find the rate per foot travel of the piston at 
which evaporation (or condensation) is taking place 
in the cylinder. Kate at which evaporation takes 

16 , 

l--r * 
17 

place in the cylinder is approximately =. 

V 

per foot travel of the piston, I being the distance 
passed through by the piston from the beginning of 
its stroke ; this will give the evaporation as a fraction 

of the whole weight of ^team already present in the 

0*2 
cylinder. Answer, — . (If the answer came out 

negative, it would indicate that condensation is 
taking place.) 

11. The back pressure is 3*^ lb., and the cushion pres- 

sure 8 lb. per square inch; the clearance at one 
end of the cylinder is 0*025. What is the weight of 
steam used per stroke, the diameter of the piston 
being 15 inches, and the length of crank 13 inches 1 
The engine makes 125 revolutions per minute. 
Find the indicated HP, and the weight of steam 
used per HP per hour. 

12. Taking the heat given to a cubic foot of steam, as 

given by Rankine's formula, H *= 144^j (M r -f 15), 
find the efficiency of the cylinder. If in actual 
working it is found that 1 lb. of the coal used 
evaporates 6*25 lb. of water, find the consumption 
of coal per IHP per hour. 

13. Accepting as true that the expansion curve of an 

indicator diagram follows the law pi'' = constant, 
(a) Find the law of the expansion curve of a diagram, 
the following being the values of p and I, repre- 
sented by the ordinates of points on that curva 
(6) Make out a table showing the actual amount of 
evaporation taking place at different parts of the 
stroke. Plot a curve showing — to a scale com- 
parable with the pressure scale — the evaporation 

• H ia in ft. lb. 
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taking place. (It will be condensation, or negative 

17 
evaporation, if A; is greater than --.) 



No. of 
ordinate. 


p in lb. 

per square 

inch. 


I in inches. 


No. of 
ordinate. 


p in lb. 

per square 

inch. 


I in inches. 


1 
2 
3 
4 


45 

41-25 
37-5 
33-76 


709 

8-282 

9-887 

10-873 j 

1 


5 
6 

7 
8 


30 

26-25 
23-125 
19-175 


12-39 
14-309 
17-6;i5 
22-309 



(c) Find the law of this evaporation curve. 

(«?) Calculate the rate — per foot travel of the piston — 
at which the water-stuff is receiving heat (in 
ft.-lb.). This you can represent by a curve, the 
ordinates of which will be comparable with the 
pressure ordinates ; since pressure, at any point 
on the diagram, is the rate per foot travel at 
which work is being done on the piston, the or- 
dinate of this curve will represent, at every point, 
the rate at which the stuff receives heat. Let the 
ordinate of this curve be 8 times the corresponding 
pressure ordinate, then — 



8 = 1^ = 1 + 29-67 /~ 



'114S 



(1 - -8857 k) 



- -2762 /./I'-^^-xV* -''''' 

where / is the pressure in lb. per square foot at 
any point in the stroke andy^ is the pressure (also 
in lb. per square foot) at the point where the 
quantity of water-stuff in the shape of steam is 
greatest. It should be noted in the above that 
changing the units in which p and I are measured 
does not affect the index in the law pl'^ = con- 
stant. It will also be readily understood that 
I may be inserted instead of v, since volume 
is simply proportional to length of cylinder 
occupied. 
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The following table gives values of 8, which have been 
calculated for various values of k : — 



Pressure 
in lb. 


Pi-essure 

in lb. 

persq. 

foot. 


Calculated Values of «. 


per sq. 
inch. 


fc=: -8. 


k = -9. 


k = 1-0. 


fc=l-lll. 


fc = 1-2. 


fc=I-3. 


8-4 

14-7 

39-3 

69-2 

101-9 


1,206 
2,116 
6,652 
9,966 
14,680 


4-41 
3-94 
3-22 
2-72 
2-36 


3-09 
2-82 
2-32 
2-01 
1-79 


1-86 
1-69 
1-40 
1-23 
1-10 


-41 
-36 
•27 
•21 
•18 


-•85 
-•81 
--74 
—71 
-•68 


-2-:9 
—214 
— 1-88 
-1-74 
-1-65 



From the above it is evident that if k = 1-13 the 
expansion is adiabatic, and if k is greater than this the 
stuff is receiving negative amounts of heat ; the ordinates 
of the curve would then be measured downwards, 
Eankine gives k = 1*1 11 for adiabatic expansion, but 
this is incorrect; Zeuner gives 1*135. 
14. In another indicator diagram the ordinates of the 
expansion curve are the following : — 



No. of 
ordinate. 


p in lb. 

per square 

inch. 


{ in inches. 


No. of 
ordinate. 


p in lb. 

per square 

inch. 


I in inches. 


1 
2 
3 
4 
5 
6 


47-7 

44-7 

41-7 

39 

36 

33 


6-9 

6-411 

6-978 

7-744 

8-696 

9-702 


7 

8 

9 

10 

11 


30 
27 
24 
21 
18 


10-95 
12-766 
14-751 
17-815 

22-411 



Work out the various items as stated in Example 13. 



zeuner's valve diagram (Fig. 74). 

Draw the line A B to represent the line of centres of 
the engine, and C D at right angles to A B. Set off 
the angle C O E = the angle of advance, against 
the direction in which the crank moves. Set off 
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\ 



W 



< 



Fig. 74. 



on O E and O E' (i.e., O E 
produced) distances each equal 
to the half throw of the eccen- 
tric. On these distances as dia- 
meters describe circles — called 
the valve circles. From O as 
centre with a radius = the out- 
side lap cut the upper circle at 
a and b by an arc. Similarly 
describe an arc with radius = 
the inside lap cutting the lower 
circle in e and/. Join O a, O 
h, O e, O /. Then the main 
crank is parallel to O 5 when 
admission of steam takes place, 
is parallel to O a at cut-off, to 
O 6 at release or exhaust, and 
to Oy when cushioning begins. 
To get an idea of the points in the stroke of the piston 
at which cut-off, etc., take place, project down the 
points of intersection of the lines O a, O b, O e, and 



h 
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Oy with a circle of any convenient size drawn from 
O as centre to represent the path of the crank-pin ; 
and draw the probable indicator diagram as shown 
in the sketch. In all this it has been assumed that 
the connecting-rod is infinitely long. To correct for 
the untruthfuhiess of this assumption, take a length 
G K to represent the length of the connecting-rod 
to the same scale that O K represents the length of 
the crank. From G as centre describe an arc 
through K, cutting O A in n ; a similar arc with 
the same length as radius, cutting O A at m, etc. 
Project the new points m, n, r, 8, to get the 
corrected diagram. 
15. A certain link-motion gives the following values of 
travel and advance for different positions of the 
gear respectively. Work out by Zeuner's diagrams 
the hypothetical indicator diagram corresponding to 
each position of the gear, the outside lap being 
^ of an inch, inside lap f of an inch. 

TraveL Advanoo. 

4i inches. Si** 

H „ 42» 

- 2A „ 63- 

2 „ 70» 

If „ 90'' 

Calculate the fraction of the stroke performed before 
cut-off of steam occurs in each case. 



ANSWERS AND SOLUTIONS. 



THE STEAM-ENGINE. 

1. Efficiendea, UJ, 862, 6-9, 6*74, and 4-92 per cent 

2. 13*294 lb. of water, if boiler were perfect 7*97 lb. of water 

in the second caae. 

3. Evaporative power, 15*3, if boiler perfect. 9*18, if boiler 

efficiency = 0*6. 

4. In the first case, efficiency, 098. Second, -066. Third, -056. 

Foiurth, -033. Fifth, -016. Sixth, 009 (less than 1 per 

cent.). 
6. Indicated HP, 29-489. 
6. Indicate HP, 111-6. 7. Indicated HP, 136-65. 
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9. (a) 13,346 ft.-lb. {b) Weight of steam used, -1186 lb., 
calculating from pressure and volume just before opening 
of exhaust, (c) 112,621 ft.-lb. {d) 17 6 lb. (e) 19-36 lb 
(/) 2-16 lb. of coal per indicated HP. (g) 80*88 
indicated HP. 

11. '204 lb. of steam required per stroke. Subtract the weight of 

steam filling the clearance space from the total weight of 
steam present at cut-off to get the weight of steam 
required per stroke. 202*49 indicated HP. 16*112 lb. 
of steam required per indicated HP per hour. 

12. Efficiency of cylinder, 12 per cent. 2*42 lb. of coal required 

per indicated HP per hour. 
13.* Plotting log. p and log. / as the co-ordinates of points, we get 
the curve shown in Fig. 75, from which the law is 
deduced as below : — 
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Pig. 75. 

Log.i? + *log.; 

(1) 1*49 + k 1*08 

(2) 1*607 4- A? -93 

'16 k. 



log. e. 
log. e, 
log. c, 
•117. 
117 



A? = T77 = -78. 



Log. e 
Law of expunsion curve \&p l-'^ 



150 
2*3324. 
215. 



* The author desires to express his indebtedness to Mr. W. C. 
Clinton, formerly an assistant in the Mechanical Engineering Depart- 
ment, for working out some of the results here given. 
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The student can, in this work, test the accuracy of the 
statement made at the end of page 175. 

Table showing the amount of evaporation at different parts 
of the stroke: — 





p in lb. per 
sq. inch. 


Vol. in cubic 


Weight of one 


Actual weight 




feet. 


cu. ft. of Steam. 


of Steam. 


1 


45- 


•464 


•1086 


•05039 lb. 


2 


41-25 


•5336 


•10046 


-053605 


3 


37-5 


•64717 


•0913 


-05908 


4 


33-75 


-71167 


•0829 


•068989 


5 


30 


•81063 


•0744 


•060303 


6 


26-26 


-93714 


•06577 


•061633 


7 


23-125 


1-25406 


-05794 


-072656 


8 


19-176 


l'i6 


-048 


•07008 



The dotted line shown (Fig. 76) is the evaporation curve as 
found, but as there are necessarily inaccuracies in the 
measurements of p and I, it is better to draw a regular 
curve. 

Knowing k, we may find the law of the evaporation curve. 

I dm 1 - -9393 A; , ^ ^ " ' 

— • Ar = • /8, and m = mass of steam. 



m d I 



I 
m 



dm 
U 



•26735 
I 



dm ^ . d I 

— ^ = •26735— . 

m I 

Log. m = ^26735 log. I + e, 

m = Cl '26785. c = antilog. <?. 

14. Law of expansion curve is p l'^^ = 185-2; the remaining parts 

of the Example can bo worked out as in the solutions 
given above. 

15. The steam is cut off at •797, '675, -6, -261, and ^071 of the 

stroke respectively. 



LESSON XXXVI. 

THE OAS ENGINE. 

It has been found that one cubic foot of average coal-gas 
gives out about 530,000 ft. -lb. of euergy in burning, 
and that 1 lb. of coal yields, on an average, about 4^5 
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Cubic feet of coal-gas. The average coal used for gas- 
making gives out about 9,250,000 ft.-lb. of energy in 




2 3 4 5 

Fig. 76. 

careful buminff. Efficiency = rr-n both in 

° '' QJiGTfry supplied 

same units. 

Numerical Examples, 

1. The Lenoir gas engine required 95 cubic feet of coal- 
gas per hour per indicated HP ; what was its effi- 
ciency as a heat engine ] What is the efficiency of 
the whole arrangement, including engine, pipes, gas- 
making apparatus, etc. % 
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2. Suppose a certain Clerk gas engine requires 26 cubic 

feet of gas per hour per indicated HP, find its 
apparent efficiency. If the same engine required 
31 cubic feet per hour per brake HP, what is its 
practical efficiency ? 

3. Find the apparent or indicated efficiency of an Otto 

gas engine using 22 cubic feet of coal^as per hour 
per indicated HP. If the same engine consumed 
27*5 cubic feet of gas per hour per brake HP, what 
is its real efficiency 1 

4. If an Atkinson gas engine uses 20 and 25 cubic feet 

of gas per indicated and per brake HP respectively, 
find the efficiencies as above. 

5. Find the consumption of coal per hour per indicated 

HP in each of the above cases. 

6. Supposing an Otto engine uses 82-5 cubic feet of 

Dowson gas per hour per indicated HP, and that 

the other engines use proportionate amounts, find 

the apparent efficiency of each of them with Dowson 

gas, and the number of lb. of coal burnt by each 

per hour per indicated HP in that case. 

Note. — We are told that 1 cubic loot of Dowson's gas 
gives out, in complete combustion, 124,000 foot-lb. of 
mechanical energy, and that 1 lb. of anthracite coal pro- 
duces 64*27 cubic feet of this gas. It may be taken that 
1 lb. of average anthracite, if very carefully burnt, would 
give out about 11,000,000 foot-lb. of energy. 

7. Find the total efficiency of the combination in the 

case of an Otto engine with Dowson gas generator, 
using gas equivalent to 1*3 lb. of anthracite pei 
hour per indicated HP. 

8. An Otto gas engine has a piston 12 inches in dia- 

meter, 8-inch crank, speed 150 revolutions per 
minute, and the mean pressure in cylinder as found 
from the indicator diagram (after due allowance has 
been made for the in- drawing and expression parts 
of the cycle) is 62*2 lb. per square inch. Find the 
indicated HP, there being an explosion every two 
revolutions. 

Note. — ^In working out the indicated HP of a steam 
engine we took the mean velocity of the piston to be the 



IN PRACTICAL MECHANICS. 183 

namber of feet passed through by it per minute — whilst 

acted on by pressure from the steam. Here the mean piston 

velocity — for this purpose — is also taken as the distance 

the piston moves, in feet, every minute whilst acted on by 

16 
pi'cssure frotn the burning gasy in this case — - x 76 = 

\z 

99*76 feet per minute. The mean total pressure on the 

piston multiplied by 99*76 and divided by 33,000 will, 

therefore, give the indicated HP, the Otto cycle giving a 

working stroke every two revolutions. 

9. It was found that when the engine was working with 

this amount of power it used 533 cubic feet of 
coal-gas per hour. What was the indicated effi- 
ciency, and what the coal consumption ? 

10. In a small Otto gas engine the consumption of coal- 
gas was 48 cubic feet per hour. The diameter of 
the piston was 5*75 inches, length of crank 3 inches, 
speed 160 3 revohitions per minute, mean pressure 
54*31 lb. per square inch. If the brake HP was 
1 -3, find the practical efficiency of the engine, the 
indicated HP, the fraction of the indicated HP 
that appears on the dynamometer, and the gas 
consumption per brake HP per hour. 

11. Assuming that the working fluid in the gas engine 

P; 
follows approximately the law — = constant, where 

P is the pressure in lb. per square inch, I the length 
of the cylinder occupied by the gas, including 
clearance, and T its absolute temperature; and 
being given that in an Otto engine, when P = 14*7 
lb. per square inch (the ordinary atmospheric pres- 
sure), ^=2-222 feetj and T = 673°, find the 
temperature at the highest part of the diagram, 
where 7? = 92 65 lb. per square inch, andZ= 1*1 
foot. 

12. Taking the temperature found in the last Example as 
the temperature of the source, and the temperature 
of the exhaust (about 400° C.) as the temperature 
of the refrigerator, find the maximum efficiency a 
heat engine could possibly have, working between 
these limits of temperature. 
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Note. — The eflBciency of a perfect engine working 

T — T 

between the absolute temperatures Ti and T is -^-— — • 

Ordinary centigrade temperature + 273 = absolute 
temperature. 

13. If 180 gallons per hour is the quantity of water sup- 

plied to the water jacket, and if this water came 
into the jacket at 15° C, and left at 60° C, find the 
energy wasted per minute, and also the HP wasted 
in heating this water. 

14. In order to find the law of the expansion curve of a 
gas-engine indicator diagram, a number of ordinates 
were drawn at right angles to the atmospheric line, 
and the pressure p (above vacuum), together with 
the corresponding • length of the cylinder space 
(including clearance) behind the piston, was ob- 
served for the position of the piston represented by 
each ordinate. Knowing that the law is probably 
of the form p l^ ^= constant, the logarithms of cor- 
responding values of p and I were plotted as co- 
ordinates of points on squared paper. It was found 
that these points lay fairly well on a straight line. 
From two points on that line the following values 
were obtained : — 

When log. p = 1-8, log. I = 1-346 ; 
and when log. p = 23, log. I = 1*028. 

From these data find the law of the expansion curve 
of the diagram.* 

15. In a Priestman oilengine (Otto cycle), the cylin- 
der being 8|- inches in diameter, piston 12 
inches' stroke, speed 212 revolutions per minute, 
average effective pressure in the cylinder 47*36 lb. 
per square inch, oil consumption 6*5 pints (say 
pounds) per hour, the oil having a heat value 
of about 19,000 British thermal (Fahrenheit) units 
per lb., find the indicated HP, the efficiency of 
the engine as between energy supplied and power 

* The data introduced in these examples are, by kind permission, 
taken from Professor William Robinson's "Gas and Petroleum 
Engines." 
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indicated, and the cost of power per indicated HP 
per hour, the oil costing i^d. per gallon. If the 
brake HP was 7*05, find the cost per brake HP per 
hour, and the actual efficiency of the engina 



ANS WEES 



1. Efficiency of Lonoir engine, •039. Total efficiency, '01. It 

must be rememberod, however, that the coke and other 
products obtained in gas-making are valuable. 

2. Apparent efficiency, •143 or 14*3 per cent. Practical or useful 

efficiency, 12*05 per cent. 

3. Indicated efficiency, 16*98 per cent. Ileal or practical efficiency, 

13*69 per cent. 

4. Indicated efficiency, 18*67 per cent. Beal efficiency, 14-95 

per cent. 

5. Lenoir, 21^1 lb. of coal per hour per indicated HP. 

Clerk, 6*77 lb. „ „ „ 

Otto, 4*88 lb. „ „ „ 

Atkinson, 4*4 lb. „ „ „ 

A A+v* a / Apparent efficiency, 21*28 per cent. 

0. AtJtinson ^ j.jgg j^j ^j ^^^ pg^ ^^^ p^y indicated HP. 

rkt*/> i 19*35 per cent. „ 

""^ \ 1*285 lb. of coal „ 

Clerk 116*29 percent. „ 

^^e^^ [ 1.52 lb. of coal „ 

Lenoir ( ^"*^ percent. „ „ 

^^^^^ \ 6*66 lb. of coal 

7. Apparent efficiency of combination, 13*86 per cent. 

8. 21*317 indicated HP. 

9. Indicated efficiency, 14*94 per cent. Coal consumption, 6*65 

lb. per hour per indicated HP. 

10. Real efficiency, 10*12 per cent. Indicated HP, 1*71. 76 

per cent, of indicated HP appears on dynamometer. 
37 cubic feet per brake HP per hour. 

11. T= 2,100*" absolute temperature or 1827° C. 

12. Maximum efficiency, 68 per cent. 

13. Energy wasted per minute, 187,050 foot-lb. 66*8 HP thus 

wasted. 

14. Law of expansion curve, p l^"^"^ = 8*248. 

15. 8*63 HP indicated. *18 efficiency (indicated). Cost, '42 penny 

per indicated HP per hour. Cost, '6 penny per brake HP 
per hour. Actual efficiency, 14*8 per cent. 
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LESSON XXXVII. 

CENTRIFUGAL FORCE. CENTRIFUGAL GOVERNORS. 

Matter, if in motion, tends to move on in a straight 
line with a uniform velocity, except acted on by force. 
Hence, if a mass be compelled to move in a circular path, 
there must be a force or forces acting on it, their resultant 
being towards the centre of the circle, hence called the 
"centripetal" force. The force exerted hy tlie body 




Pig. n. 

itself is equal and opposite to thiS; and is called the 
" centrifugal " force. 

The following elementary investigation of the change 
of velocity — really the change in the direction of motion 
— of the body may be interesting. A more rigid, but less 
easily understood, proof can be given by introducing the 

notation of the Differential Calculus. 
Instead of moving with a regu- 
larly changing direction, let the body 
move along the sides of a regular 
polygon, as in Fig. 77; moving 
along A B with a uniform ve- 
locity, then suddenly changing its 
"^ direction to B 0, and so on. Let 
S Q and S P (Fig. 78) represent 
the uniform velocity along A B and 
B C, then P Q will represent the acceleration * or change 

* It is doubtful if " acceleration " is the proper term to use here, 
though it represents something which is the result of force acting 
on mass. 




Pig. rs 
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of velocity at B. But from the figures it is easily seen 
that the triangles P S Q and A O B are similar, hence 

— = — , or alternately — - — • 

But since P Q represents the centripetal acceleration 
a, and A B represents the uniform velocity v — 

. ?_^ = 9l1 

* AB AO 

may be written — 

a V v^ 

- ^ — , or a = — • 

V r r 

Let the number of sides in the polygon be indefinitely 
increased, in the limit the body moves with a uniform 
velocity on the circle, and the centripetal acceleration is 
found by dividing the square of the velocity in feet per 
second by the radius of the circular path in feet. 



But force = mass x acceleration. 
. * . the centripetal force = 



m v^ 



the centrifugal force exerted by the body itself being 
opposite to this — i.e., directed radially outwards — and of 
the same amount. 

If A is the angular velocity in radians per second, 
V = A r, and centrifugal force = m A^ r, neglecting sign 
as regards direction. 

If n is the number of revolutions per minute, then — 

A = -77—, and centripetal or centrifugal force = » 

CENTRIFUGAL GOVERNORS. 

Perhaps one of the most useful applications of the 
principles above referred to is that of the centrifugal 
governor used on steam and other engines. In its 
simplest form, as invented by James Watt, it is shown 
in Fig. 79, and will be readily understood. 

The student will easily see that by a simple 
application of the "triangle of forces," if F is the 
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centrifugal force of one ball, r the distance of its centre 
from the axis, and w the weight of the ball — 



and since 



~=-~y ox li = -r- 
tP h A 

F=:;= 



iv r ft' 



2,936 

friction being neglected. 

More usually the governor is loaded, say by a constant 




Fig. 70. 

load W being placed on the sleeve S, and surrounding the 
central spindle. This device increases the force avaD- 
able to do the work of moving heavy parts and over- 

coming friction in the ratio oi — + w to w,* and also 

increases the speed of the governor in the ratio of the 
square roots of these quantities, on the supposition that 
the vertical movement of the two weights is the same ; 
which would be the case if the links go from the centres 
of the suspending rods to the sleeve and are equal to 
half the former in length. If, on the other hand, each 

* See the article on the Steam Engine in the "Encyclopaedia 
Britannica.*' 
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ball is joined by two equal rods to the axis and to the 
sleeve, tlie ratio is W -^ w to w. There are other 
governors, such as HartnelFs, in which a powerful spring 
is used instead of the constant load W, the balls being 
supported on bell-crank levers so that their weight is 
practically eliminated, but their centrifugal force (or 
mass) is available as before. 

If an experiment be made with a governor, the balls 
being pulled out radially by two equal forces — these 
forces and the corresponding values of r being noted, both 
as the balls are opening out and as they are closing — the 
results, if plotted, will give two curves, with a region 
between due to friction. The whole cycle of operations 
for the governor can then be followed on the curves. 
Slightly different values would, of course, be correct if 
the governor revolved. 

Numerical Examples, 

1. Find the centrifugal force of a spherical ball of cast 

iron, 3 inches in diameter, when its centre moves on 
a circle of 2 feet radius, the ball making 150 
revolutions per minute. A cubic inch of cast iron 
weighs -27 lb., and the volume of a sphere is '5236 
times the cube of its diameter. 

2. Find the total centrifugal force of the two balls of a 

Watt governor, the balls being of cast iron, 3 inches 
in diameter, when rotating with their centres at 
8-5 inches from the axis, and at a speed of 90 
revolutions per minute. If a constant weight of 
20 lb. is placed on the sleeve of the governor, lind 
the centrifugal force and speed necessary to keep 
the balls rotating at the same radius (friction being 
neglected), if the rods are arranged respectively as 
described above. 

3. A locomotive passes round a railway curve of 500 feet 

radius at a sjjeed of 30 miles an hour. If the 
weight on one pair of wheels is 16 tons, find the 
outward or centrifugal force of these wheels on 
the rails, supposing them free to move outwards, 
and neglecting the fact that centrifugal force acts 



190 NUMERICAL EXAMPLES 

through the centre of the moving mass. If the 
centres of the rails are 5 feet apart, how much will 
the outer rail have to be elevated so that the 
resultant of gravity and centrifugal force may act 
perpendicularly to the plane of the surface of the. 
rails ? In such a question as this is it necessary to 
know the weight of the train 1 
4. Show that Rankine's rule, by which the elevation of 

XT 8 

the outer rail should be = ^^^ - ^ ^ — , where V 

15r 

is the speed in miles per hour, is approximately 
correct. 
6. The following numbers were obtained by experiment- 
ing with a certain steam-engine governor : — 



Distance of centre of 


Centrifugal force in lb. 


ball from axis = r feet. 


= F. 


0-167 


6 ± 1-05 


0-25 


9-3 ± 115 


0-333 


13-08 db 1-3 


0-417 


19-8 ± 1-45 



The weight of the two balls was 4 lb. Find the 
range of speed which will alter the balls from r = 
•292tor= '417 and back again. (The student will 
require to use squared paper as already explained.) 

hartnell's governor. 

6. Push of spring ± friction = centrifugal force. Let 
friction = ± 6 lb. Find the size of cast-iron balls, 

a 

two of which will have a centrifugal force 

^ 360 

When r changes from 1^ foot to 1 foot, let a complete 
change occur in the gear — smallest to fullest steams. 
1st. Find size of spring which, with no friction, would 

make the governor isochronous for 200 revolutions 

per minute. 
Kadius of coils, 1*5 inch. Weight producing per- 
manent set, 300 lb. Modulus of rigidity, N= 13 x 10«. 
Shear stress of permanent set, 120,000 lb. per square inch. 
2nd. If the spring is slackened one inch for the position 

r = 1, find the fluctuation of speed for friction, and 

compare with total fluctuation. 
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EXPLANATION OF EXAMPLES 5 AND 6. 

No. 5. Plotting the given values of r and F as the co- 
ordinates of points on squared paper, two curves are 
obtained. Suppose the values of r are plotted 
as abscissse, and the corresponding values of F (two 
for each value of r) as ordinates, then it will easily 
be seen that the centrifugal force or speed can 
increase by an amount represented by the vertical 
distance between the two curves at any point with- 
out any change taking place in the distance of the 
balls for the centre. The whole cycle of operations 
can easily be traced on the curves. 

No 6. An isochronous governor, without friction, would 
give a straight line through the origin, instead of 
the curves noticed above. This means that F is 
proportional to r or F = a n Also from the question 
we have — 

v — ZJ^ _ ^ 
~ 360 •'•''"360" 

(200)' 

When n = 200, centrifugal force = r x ~ =r x 111*1 

° 360 

or a= lll'l. 
When r = 1 foot, centrifugal force = lll'l lb. 
When r = 1*25 feet, centrifugal force = 138-8 lb. 

Hence we are required to find a spring whose push 
to begin with is 111 lb., and when it is shortened 
3 inches its push is to be 138*8 lb. That is, a 
spring which will just bear a load of 300 lb. 
without being permanently injured, and which 
will shorten or lengthen 3 inches for a force of 
138 8 — 11 1 -1 lb. It is here assumed that when 
the balls get farther from the centre by any amount, 
the spring shortens by the same amount. The 
remainder of the calculation is easily enough per- 
formed; knowing the laws of the stiffness and 
strength of spiral springs (given in Lesson XXIX.). 
In the last part of the Example, suppose the spring 
slackened till — 
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Fi = 102 lb. instead of 111 lb. 
and till — 

Fa =130 lb. „ 1391b. 

Then total Fj = 102 ± 6, and total Fg = 130 ± 6. 
'^^''"16?'""^^^"^= 96.-.»i= v/ 96x360 
-^'- == 102 + 6 = 108 . • . «, = yi08 X 360 

-^ = 130 + 6 = 136. •.W3= v/l36 x 360 

1 2 

-^- = 130- 6 = 124.-.«4=yi24 X 360. 

The " sensitiveness " of a governor is determined by 
the smallness of the fraction found bj dividing the 
cJiange oin necessary to alter the gear from no 
steam to full steam by the average value of n 
between these limits. 



ANS WEES. 



1. 58-2 lb. 

2. Centrifugal force, (1) 149, (2) 64 lb.; (3) 93 lb. Speed, (2) 

171 ; (3) 225 revolutions per minute. 

3. Centrifugal force, 4,309 6 lb. Outer rail must be elevated 

•6 foot. No, weight of train is not required. 

5. The cj'cle of operations is as follows : — Balls at r = '292 ; 

least speed, 156*9 revolutions per minute ; speed increi^ses 
to 175*1 revolutions without altering the position of the 
balls (owing to friction) ; a further inci*ea8e of speed to 
193-4 revolutions opens the balls to r = '417; then 
ppeed can fall again to 179*7 without any change in r. 

6. Dianuter of each ball, 2*61 inches. Length of wire of sprinsr, 

313*4 inches. Diameter of wire, '268 inch. Speeds, 
Wj = 185*9, Wa = 19718, n^ = 221*27, n^ = 211*28. 
Hence the flutttuation of speed allowed by the governor 
owing to friction, for the position r = 1 foot, is 
W8-«, 11*28 1 , -c ^v 

= TTTi: = r;; nearly. For the position r r=. 

meanw 191*6 17 ^ 

10 1 

1*25, the fluctuation of speed is 216*27 ^^ oo ^^^7* The 
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fraalion expressing the ** sensitiTeness '' of the governor 

;- ,•« *\.ia na.^ 221-27 - 185-9 221 - 186 I 

18 in tms case sav = — 

203-58 203-6  ' 6 

nearly. The smaller this fraction is, the more sensitive 
is the governor. 



LESSON XXXVIII. 

THERMODYNAMICS, ETC. — MISCELLANEOUS EXAMPLES 

Regnault's rules for steam : — 

Total heat (H) of 1 Ih. = 606-5 + -305 t, 

Latent heat (L) of 1 lb. = 606*5 — -695 t, 

where t is the temperature in centigrade units. 

1. Find in ft. -pounds the total heat and also the latent 

heat of 10 lb. of saturated steam at the temperature 
of 120° C. 

2. Taking the value of the latent heat for 1 lb. as in 

the last Example, find the volume in cubic feet of 
1 lb. of the steam, taking the volume at 0° C, to be 

cubic foot. 

62-36 

The rule is — 

L = (r3-.JxTxf{. 

T = t -\- 273, 

d f 19-68 
and -^ = — — (T — 233)* approximately. 

In this rule L is in ioork units. 

3. Find the pressure of this steam from Kankine's 

. IT AiAr\7 1,517-45 1,225 15 

formula. Log. p = O'lOOT — — ;^ — - — ^^ — > 

p being the pressure in lb. per square inch. 

4. Suppose the boiler of a certain engine evaporates 

9 lb. of water per lb. of coal supplied, and that 
3 lb. of coal are required per indicated HP per hour. 
Find tlie indicated efficiency of the engine, including 
boiler, etc. ; the steam being formed at 120^ C, 

N 
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5, The work done by a cubic foot of steam is 
144 r (pi ^ + ^^g" ^ - ^3) - 144 X* This is a maxi- 

Pi 
mum when r = , d x. Mr. Willans found that 

- — = 10 (about) for non-condensing engines. 

What is the best ratio of cut-oflf in a non-condensing 
engine, with an initial pressure of 94*7 lb. per 
square inch, and a back pressure of 15*5 lb. per 
square inch ? 

CHANGE OP PRESSURE IN AIR DUE TO CHANGE OP DEPTH. 

From what has already been done (page 158) it is 
evident that if potential is due to height, gravity being 
the only volumetric force — 

dp = •»• w d h 
dh -2,116 I 

dp"^ -0807 p 

since x p = w (the weight of 1 cubic foot of. air).. 

2,116 -^ ^ o 

- 2,116 ,, ^ .X 

• ' .Q807 (^^^-^ + <^^^8**^*)- 

When A = 0, let p = 2,116, and the constant is = — log. 2,116. 

• h = ^—^ ^^* (—^ I ; i' is pressure in lb. per square foot. 

•0807 \2,116/ 

Let P = -^—, h = " ^^V^ (log- P)» 
2,116* -0807 ^ ^ ' 

= - 26,200 log. P. 
— h 

(1) . • . P = € ».«». 

The similar rule for water is approximately — 

(2) i> = 43-2 X 10« f e «^^ - 1 J» 

which becomes — „ 

p H 

43-2 X 10« ~ 692,300* 

P XT 

or = M, 

62-4 ' 

if H is small. 

 For meaning of in, etc., see Examples on Steam Engine. 
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6. Find the pressure in lb. per square inch at a height of 

3 miles in the atmosphere. 

7. Find at what depth in water the pressure will be 

3 atmospheres ; tind also the depth at which it will 
be 3 tons per square inch. 

8. At what depth in water will the water have the same 

density that iron usually has ) 

ADIABATIC FLOW OP AIR. 

Taking our law — 

h -\ + J — = constant, 

2 g *^ w 

and p w'"^ =. constant, our adiabatic law, 
»=/ i|xi>y, calll ilby lettei *. 



J to J 




l-l \ 



dp J P ' P' y o ^ _ p ^ p^ 






1^ 



hence h + —. + — -,- p ^ = constant. 

2^ ^o(l-l) 



O. y. 



Whei*e pressure is jo^, and velocity is o gives us the con- 
stant, and neglecting h — • 



I 1-1 

r^ ^ p: P " ^ —A 



Iv » 



'2£ ( 1_ 1.1 



n(i--J XJ'o-Po p 



(3) or r2 == —^^ y^ 

~y' 

Note. — v is the velocity with which the gas flows 
(adiabatically) from a place where the pressure is p to 

where it i? p, w^ is the weight of one cubic foot at 

the pressure j»^. For air, 7= 1*41; w s=s '0807, if j» 

is atmospheric pressure. 
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9. Find the cii'cumferential velocity of a fan necessary to 

produce a pressure of 50 lb. per square inch above 
the atmosphere. Find also the speed of the fan in 
revolutions per minute, if it is 10 feet in diameter. 

N.B. — The velocity is that with which the air would 
flow, adiabatically, from where the pressure is 25 lb. per 
square inch above atmospheric into the atmosphere. 

10. In the above case find the velocity and speed neces- 

sary to produce a pressure equal to 6 inches of water. 

11. Air flows adiabatically from a place where the 

pressure i? 2 atmospheres to where it is -^ of an 
atmosphei*e, through a round orifice 1 inch in dia- 
meter with sharp edges. If the vena contracta is 
the same as for water (0-6), find (1) the velocity of 
the air, (2) the flow in cubic feet per second, (3) the 
weight of air flowing into the latter space per second. 



ANS WEES. 



1. Total heat = 9,003,400 ft. -lb. Latent heat = 7,323,400 ft.-lb. 

2. Volume = 14*47 cubic feet. 

3. 27*97 lb. per square inch. 4. 82 per cent. 

f). r = 3*8, or the steam is cut off at a Httle more than J of 
the stroke. 

6. 8 03 lb. per square inch. 

7. 101*9 feet. 16,336 feet. 8. About 270 miles. 

9. V = 1,746 feet per second, or 3,334 revolutions per minute. 
This shows the impossibility of producing high pressures 
by fans. 

10. 106*3 feet per second, or 203 revolutions per minute. 

11. Velocity, 2,032*5 feet per second. Flow, 6*6 cubic feet pc: 

second. Weight flowing, '1036 lb. per second. 
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APPENDIX. 



USEFUL RULES AND CONSTANTS. 

EaTIO of CIRCUMFERENCE of circle to DIAltfETEB: 

TT = 31416 nearly. Log. ir = -49715. 
Area of circle = ir r» = '7854 d\ Log. -7854 = 

1-89509. 

Area of ellipse .= '7854 x product of major and minor 
axes. 

Area of a trapezium = -|- sum of parallel sides x per- 
pendicular distance between them. 

Area of surface of sphere = 4 ir r^ = ir cP. Log. 4 w 

= 1-09921. 

4 4 

Volume of sphere = -- t r* = -5236 d\ Log. r «" = 

3 3 

•62209. Log. -5236 = T-7190. 

Volume of cone or pyramid = \ area of base x per- 
pendicular height. 

Volume of frustrum of cone or pyramid =: 

where h is the height of the frustrum, B and b the 

areas of its ends. 
Volume of cylinder or prism = area of right section x 

length. 
Feet in 1 English mile, 6,280. Log. 5,280 = 3*72263. 
Feet in 1 nautical mile, 6,080. Log. 6,080 = 3-78390. 
Pounds in 1 ton, 2,240. Log. 2,240 = 3-35025. 
The mechanical unit of power is 1 HP, which means 

33,000 ft. -lb. of work done in one minute. Log. 

33,000 = 4-51851. 
The electric unit of power is one watt, which means a 

cuiTent of one ampere working through a dillerence 

of potential of one volt. There are 746 watts to 

one HP. 
Mean radius of the earth, about 21 x 10^ feet 

(20,900,000 feet). If its mean density is 5-67, it 

contains about 13*5 x 10^* lb. 
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Value of g at the Equator, 32 088. 

Value of g at the Poles, 32 •253. 

Value of g at London, 32^182 — ^generally taken as 32'2. 

Base of Napierian logarithms, e = 2*71828 . . . Log. c 

= -4343. 
To convert common into Napierian logarithms, multiply 

by 2-30258. Log. 2*3026 = -36222. 
One radian = 57*2958 degs. Degrees x '0175 = radians. 
One gallon of water weighs 10 lb. and contains "16 cubic 
foot, or 277 cubic inches. 



WEIGHTS OF 


MATERIALS. 






Weight of one 


Weij?ht of one 


Material. 


cubic foot 


cubic inch 




in lb. 


in lb. 


Pure water, at 39° F 




62 •425* 


•036 


River water (average) 






63 




Sea water 






64 




Wrought iron 






490 


•283 


Cast iron 






468 


•271 


Cast steel 






496 


•287 


Rolled brass 






526 


•305 


Cast brass 






618 


•299 


Copper 






655 


•321 


G an metal 






546 


•316 


^inc ... ... 






449 


•26 


Phosphor bronze (rolled) 






653 


•32 


Manganese bronze ... 






624 


•303 


Brickwork 






112 


•065 


Rubble masonry (about) 






140 


•081 


Concrete (average) ... 






150 


•087 



MOMENTS OF INERTIA OF SOLIDS. 

The moment of inertia, I, of a rod of length I about an 

axis at one end perpendicular to its length is M — » 

where M is the mass of the rod. 
If the axis were through the centre of gravity of the 



rod, I = 



Mf» 
12 * 

* 62 '4 is usually taken in examples. 
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J of a sphere- of radius "R about an axis through its 

2 

centre = 7 M R^. 
o 

I of a spherical shell, outside radius R, inside radius r, 

about a diameter, is - -~- — -—' 
I of an ellipsoid (major and minor axes, 2 a and 2 b 

respectively), about major axis, is - M b^. 

5 

I of a circular cylinder of radius R, about its geometrical 
. . MIt2 
axis, IS — — • 

I of a hollow circular cylinder, outside radius R, inside 

radius r, about its geometrical axis, is M ^ — 

I of an elliptical cylinder (semi-axes of ellipse, a and b 

cfi -^ ^a 
respectively), about geometrical axis, is M — - — •* 



RULES FOR APPROXIMATE CALCULATION. 
CONTRACTED MULTIPLICATION OF DECIMALS. 

Exam'ple.—YwA 954*32865 x 23-21 1*41 correct to 3 
places of decimals. 

Rule. — Omit decimal points, reverse the multiplier, 
placing the units figure of the new multiplier under the 
last figure to be retained in the multiplicand (in this case 
the figure 6) ; commence by multiplying the right-hand 
figure of the multiplier into that immediately above it, 
bringing in any figure which would be carried from the 
next right-hand figure of the multiplicand. 

Proceed in this way with every figure of the multi- 
plier which stands under a figure of the multiplicand, 
commencing to write each result under the first figure of 

* For other moments of inertia, see page 103; or Ranldne's 
"Rules and Tables." 
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the multiplier. Add up and put in the decimal point to 
show 3 places of decimals. 

9543286|d 
1411232 



19086573 

2862985 

190865 

954;] 

954 

381 

9 

22151-310 



The position of the decimal point may be verified by 
what has been called the " grade " rule.* Let the grade of 
a number be represented by a numeral one less than the 
number of integer figures contained in the number. Then, 
in multiplication, if the leading figures in the quotient rise 
in value as compared with the multiplicand, the grade of 
the product is the sum of tJie grades of the factors. If 
the leading figures fall in value, add one extra to the 
sum of the grades. (The greater of the two factors is 
taken as the multiplicand.) 

For division the rule is : Take the difierence of the 
grades of the dividend and divisor — subtracting one 
extra when the leading digits of the divisor exceed those 
of the dividend — to get the grade of the quotient. 

CONTRACTED DIVISION OF DECIMALS. 

Rule, — Move the decimal point so that the divisor 
shall be a whole number, making the corresponding 
change in the dividend. Arrange the dividend, by add- 
ing ciphers or rejecting figures, to have the same number 
of decimals as are required in the answer. Cut off from 
the right hand as many figures as there are in the 
divisor less one. The part remaining is the dividend 
proper. Divide till all the figures of the dividend are 
exhausted, then begin to contract by rejecting one figure 



* Heusdey*s " Scholar^s Aritlunetio. 



» 
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of the divisor before each multiplication, commencing 

-with the figui-e at the right-hand side of the divisor. If 

the divisor is greater than the dividend proper, begin to 

contract at once. The position of the decimal point in 

the quotient can be determined by the rule already given. 

Example.— ¥md 246*83412 ^ 22-8246 to 3 places 

of decimals (say 4). 

228246)246834 1-2000 (108144 
^228246 



18588 Grade of dividend 2 

18259 „ divisor 1 



329 differc^ice 1 
228 

Leading digits of divisor do not 

101 exceed those of the dividend, 

91 hence answer is 10*8144. 

10 
9 

A dot is placed under each figure of the divisor as it 
is rejected, or a line may be drawn through each figure 
instead. Also in multiplying the remaining part of the 
divisor add the number which would have been cariied 
over from the multiplication of the last rejected figure. 

The student will observe that the grade of a number, 
consisting wholly of decimals, is negative, and is greater 
by one than the number of ciphers following the decimal 
point. 

DIFFERENCE OF TWO SQUARES. 

The product of the sum and difference of tw^o num- 
bers is equal to the difierence of their squares. This 
rule is especially convenient when the numbers differ 
only by a small amount. Thus — 

1512 _ 1492 = 300 X 2 = 600. 

The student should also remember that the square 
root of such a number as 1004 is 1'002 very nearly. 

Also the error in taking the square of such a number 
as 1-03 to be 1*06 is not great. The real answer is 
1-0609. 
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FoUR-FlOURE LOQARITHMS {cOfltitlUCd). 





I'o 

•7324 


1 

•7332 

•7412 

•7490 
•7566 
•7642 

7716 
•7789 
•7860 

■7931 
•8000 
•8069 

•8136 

•8-202 
•8267 
•8331 

•8395 
•8457 
•8519 

•8579 
•8639 
•8698 

•8756 

•8814 
•8871 
•8927 

•8982 
•9036 
'WdO 

•9143 
•9196 
•9248 


2 

•7340 

•7419 

•7497 
•7574 
•7649 

7723 
•7796 
•7868 

•7938 
•8007 
•8075 

•8142 

•8209 
•8274 
•8338 

•8401 
•8463 
•8525 

•8585 
•8645 
•8704 


3 

•7348 

•7427 

•7505 
•7582 
•7657 

7731 
•7803 

•7S75 

•7945 
•8014 
•8082 

•8149 

•8215 
•8280 
8344 


4 i 

•7356 

•7435 

•7513 
•7589 
•7664 

•7738 
•7810 
•78S2 

•7952 
•8021 
•8089 

•8156 

•82-22 
•8-287 
•8351 


5 

•J364 

•7443! 

[•75^20 
1-7597 
[•7672; 

|7745 
•7818 
•7889 

7959 
•8028 
•8096 

•8162 

•8228 
•8293 
•8357 

•8420 

•8482? 
•8543; 

•86031 
•8663 
•8722 

•8779 

•8837} 
•8893, 
•8949: 

•9004; 
•9058j 
•9112 

•9165 
■•9217 
'•9269 

•93-20 

•9370 
•9420I 
•9469! 

•9518- 
•9566 
•9614 

•9661 
9708 
•9754 

•9800 

•9845 
•9890 
•9934 

•9978 


6 

•7372 

•7451 

•7528 
7604 
•7679 

•7752 

•7825 

7896 

•7966 

•8035 

8102 

•8169 

•8235 
■8299 
•8363 

8426 
•8488 
•8549 

•8609 
•8669 
•8727 

■8785 

•8842 
•8899 
•8954 

•9009 
•9063 
•9117 

•9170 
r9222 
'•9274 

I-9325 

•9375 
•9425 
•9474 

•9523 
•9571 
•9619 

■966G 
•9713 
•9759 

9805 

•9850 
•9894 
•9939 

•9983 


7 


8 


9 

•7396 


;l 2 3 4 5 6 

!l 2 2i 3 4 5 


7 8 


M 


•7380 ^7388 


6 6 7 


55 


•7404 

•7482 
•7559 
•7634 

•7700 
•7782 
7853 

,•7924 
I7993 
,•8062 


•7459 


•74661 -7474 


,12 2 


3 4 5 


5 6 7 


56! 
57 
58 


•7536, ^7543^ 7551 
•7612 •7619^76-27 
•76S6 •7694;7701 


12 2 
1 2 2 

il 12 


8 4 5 
8 4 5 
8 4 4 


5 6 7 
5 6 7 
5 6 7 


59 
60 
61 


•7760 
-7832 
•7903 

-7973 
•8041 
•8109 

•8176 

•8241 
•8306 
•8370 


•7767i'7774! 
•7839, •7846' 
•7910/7917i 

•79S0;^79S7 
•8048 •8055 
•8116, 8122 

•8]82;81S9 

■8^24S.-8254 
•8312' -8319 
•8376; •8382 


!i 12 
ji 1 2 
ii 1 2 

1 1 2 

!1 1 2 
'112 


3 4 4 
3 4 4 
3 4 4 


5 7 
5 6 6 
5 6 6 


62 
63 
64 


3 8 4 
3 8 4 
3 3 4 


5 6 6 
5 6 6 
5 6 6 


65 


i-8129 


1 1 2 


3 3 4 


5 5 6 


66 
67 
68 


,•8195 
[•S261 
'•8325 

'8388 
•8451 
•8513 

•8573 
•8633 
•8692 

•8751 

•8808 
•8865 
•8921 

•8976 
•9031 
•9085 


1 1 2| 3 3 4 
112334 
1 1 2! 3 b 4 


5 6 6 
5 5 6 
4 5 6 


69 
70 
71 


•8407 ^8414 
•8470 -8476 
•8531 ^8537 


•8432 -8439! -8445! '1 1 2 
•8494r8500^S506i;i 1 2 
•8555 1 -8561 |^8567j!l 1 2 


2 3 4 
2 8 4 
2 3 4 


4 5 6 
4 5 6 
4 5 5 


72 
73 
74 


•8591 
•8651 
•8710 


•8597 
•8657 
•8716 


•8615 •86^2i;- 8627 
■8675, -8681! -8686 
•8733: -8739 ^8745 


1 1 2 
1 12 
;i 12 


2 8 4 
2 3 4 
2 3 4 


4 6 6 
4 6 5 
4 5 5 


75 


•8762 

•88-20 
•8876 
•8932 

•8987 
•9042 
•9096 

•9149 
•9201 
•9253 


•8768 ^8774 


•8791 -8797 -8802 1 1 2! 2 3 3 

•8848 •8854/8859| 1 1 2^ 2 3 3 
•8904 •8910;- 8915 il 1 21 2 3 3 
•8960 8965 ^8971 '1 1 2, 2 8 3 


4 5 5 


76 

77 
78 


•8825 
•8882 
•8938 

•8993 
•9047 
•9101 

•9154 
•9206 
•9258 

•9309 

•9360 
•9410 
•9460 

•9509 
•9557 
•9605 

•9652 
•9699 
•9745 

•9791 

•9836 
•9881 
•9926 


•8831 
•8887 
•8943 

-8998 
•9053 
•9106 

•9159 
•9212 
•9263 

•9315 

•9365 
•9415 
•9465 

•9513 
•9562 
•9609 

•9657 
•9703 
•9750 

•9795 

•9841 
•9886 
•9930 

•9974 


4 5 5 
4 4 5 
4 4 5 


79 
80 
81 


•9015! -9020 ^9025 
•90091 •9074^9079 
•91-22 •9128'^91 33 


1 

|1 1 2 

112 

il 1 2 

 

112 
112 
1 1 2 


2 3 3 
2 8 8 
2 8 3 


4 4 5 
4 4 6 
4 4 5 


82 
83 
84 


•9138 
•9191 
•9243 

1^9294 

•9345 
•9395 
•9445 

•9494 
•9542 
•9590 

•9638 
•9685 
•9731 

•9777 

•9823 
•9868 
•9912 


•9175 
•9227 
■9279 

•9330 

9380 
•9430 
•9479 

•9528 
•9576 
•9624 

9671 
•9717 
•9763 


•9180,91S6 
•9232; 9238 
•9284" -9280 

•9335 1 -9340 

•9385 -9390 
•9435 f 9440 

■9484; •9489 


2 8 3 
2 3 3 
2 3 3 


4 4 6 
4 4 6 
4 4 5 


85 


•9299^9304 


a 1 2' 2 3 3 


4 4 6 


86 
87 

88 


•9350 
•9400 
•9450 

•9499 
•9547 
•9595 


•9355 
•9405 
•9455 

•9504 
•9552 
•9600 

•9647 
•9694 
•9741 

•9786 

•9832 
•9877 
•9921 


1 1 2 
1 1 
Oil 


2 3 8 
2 2 3 
2 2 8 


4 4 5 
3 4 4 
8 4 4 


89 
90 
91 


•9533 
•958 1 
9628 


•0538 
•9586 
-9633 


;0 1 1 
1 1 
Oil 

'0 11 

,0 11 
1 1 


2 2 3 
2 2 3 
2 2 3 


8 4 4 
3 4 4 
3 4 4 


92 
93 
94 


•9043 
•9689 
•9736 

•9782 

•9827 
•9872 
•9917 

•9961 


•9675 1 •9680 
•9722: -9727 
•9768 '-9773 


2 2 3 
2 2 3 
2 2 3 


3 4 4 
8 4 4 
8 4 4 


95 


•9809 ^9814 

•9854 -9859 
9S99>9903 
•9943, ^9948 


-9818 

•9863 
•9908 
•9952 

•9996 


'oil 


2 2 3 


3 4 4 


98 
97 
98 


1 ■- 

1 1 
1 1 
1 1 


2 2 8 
2 2 8 
2 2 8 


8 4 4 
8 4 4 
8 4 4 


99 


l^9956 


•9965 


•9969 


•9987 


•9991 


oil! 22 3' 334 
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Tablf. op Sines, Cosines, Tanobnts, and Cotangents. 



Angle. 


1 Sine. 


Tangent. 


Cotangent. 


Cosine. 


Uuiiijtic- 
m«'ht. 


l-* 


•0175 


•0175 


57-2900 


•9998 


89*' 


2 


•0349 


•0349 


28-6363 


•9994 


83 


3 


•0523 


•0524 


19-0811 


•9986 


87 


4 


•0698 


•0699 


14-3007 


•9976 


86 


6 


•0872 


•0875 


11-4301 


•9962 . 


85 


6 


•1045 


•1051 


9-5144 


•9945 


84 


7 


•1219 


•1228 


81443 


•9925 


83 


8 


•1392 


•1405 


7-1154 


•9903 ' 


82 


9 


•1564 


•1584 


6-3138 


•9877 


81 


10 


•1736 


•1763 


6-6713 


•9848 


80 


11 


•1908 


•1944 


6-1446 


•9816 


79 


12 


•2079 


•2126 


4-7046 


•9781 


78 


13 


•2250 


•2309 


4-3315 


•9744 


77 


14 


•2419 


•2493 


4-0108 


•9703 


76 


15 


•2588 


•2679 


3-7321 


•9659 


75 


16 


•2756 


•2867 


3-4874 


•9613 


74 


17 


•2924 


•3057 


3-2709 


•9563 


73 


18 


•3090 


•3249 


30777 


•9511 


72 


19 


•3256 


•3443 


2-9042 


•9455 


71 


20 


•3420 


•364D 


2-7475 


•9397 


70 


21 


•3584 


•3839 


2-6051 


-9336 


69 


22 


•3746 


•4040 


2-4751 


•9272 


68 


23 


•3907 


•4245 


2-3559 


•9205 


67 


24 


•4067 


•4452 


2-2460 


•9135 


66 


25 


•4226 


•4663 


21445 


•9063 


65 


26 


•4384 


•4877 


20503 


•8988 


64 


27 


•4540 


•5096 


1-9626 


•8910 


63 


28 


•4695 


•5317 


1-8807 


•8829 


62 


29 


•4848 


•6543 


1-8040 


•8746 


61 


30 


•5000 


•5774 


1-7321 


•8660 


CO 


31 


•5150 


•6009 


1-6643 


•8572 


59 


32 


•5299 


•6249 


1-6003 


•8481 


58 


33 


•6446 


•6494 


1-5399 


•8387 


57 


34 


•5592 


•6745 


1-4826 


•8290 


56 


35 


•5736 


•7002 


1-4-281 


•8192 


5J 


36 


•5878 


•7265 


1-3764 


-8090 


54 


37 


•6018 


•7536 


1-3270 


-7986 


53 


38 


•6157 


•7813 


1-2799 


•7880 


52 


39 


•6293 


•8098 


1-2349 


•7771 


51 


40 


•6428 


•8391 


1-1918 


•7660 


50 


41 


•6561 


•8G93 


1-1504 


•7547 


49 


42 


•6691 


•9004 


M106 


•7431 


48 


43 


•6820 


•9325 


1^0724 


•7314 


47 


44 


•6947 


•9657 


1-0355 


•7193 


46 


45 


•7071 


roooo 


1-0000 


•7071 


45 


Comple- 
ment. 


Cosine. 


Cotangent. 


Tangent. 


Sine. 


Angle. 



INDEX. 



Acceleration, laws of uniform, 39 
Adiabatic expansion of steuin, 176 

„ How of air, 11)5 
Alternating electric currents, power 

conveyed by, 166 
Antilogarithms, table of, 204 
Appold brake, 69 
Area, centre of, how to find 24 
„ of circle, rules for, 13, 86 
Areas of plane figures (various), 107 
Atlcinson gas engine, efficiency of, 182 
Approximate calculation, rules, 199 
Ayrton and Perry's dynamometers, 

68,73 
Beams, examples on, 108, 113 

fixed at ends (graphic method) 



i> 



141 



stiff. 



Beams, deflection of, 110 

„ rectangular, rules for strength 
and deflection of, 106, 113 

Beams, relative strengths of, 106 
„ strength of, 101 

Beams, to find supporting forces of, 25 

Bearings, lengths of, 123 

Belt, examples concerning, 62 ; law of 
friction of, 55; length of, 59; 
strength of, 56 ; speeds of pulleys 
driven by, 56 

Boilers, strength of, 91 

Butt-joint, stJ^jngth of, 126 

Calorific power of coal, 169 ; of coal- 
gas, 180 ; of Dowson's gas, 181 ; 
of petroleum oil, 184 

Garpentier's dynamometer, 66 

Carriage springs, strength and 
ness of, 148 

Centrifugal force, rules for, 186 
„ goveraoi-a, 187 

,, pumps, rules for speed, 

example?, &c., 162 

Centrifugal pumps, hydraulic effici- 
ency of, 163 

C. O. S. units, 41, 48 

Chains, strength of, 87 

Change of pressure due to change of 
depth (in air), 194 

Change of pressure due to change of 
depth (in water), 194 

Compound interest law, 12 

Conical spiral springs, 146 

Constant energy per lb., law of (hy- 
draulics), 157 

Cosines, &c., of angles, table of, 206 

Counter-efficiency (machines), 20 

Crane, efficiency of, 19 

Crank pins, dimensions of, 123 

Crank-shafts, rules for strength of, 122 

Curve, characteristic of dynamo, 12 ; 
law of simple, 11 ; plotting, ex- 
plained, 8 

Cylindric spiral springs, 143 



D^Arcy's rules for loss of energy (hy- 
draulics), 161 
D'Arcy's rules, variation of coefficient 

in, 165 
Dynamics, elementary laws of, 38 
Dynamics, examples in, 44 {et aeq.) 
Dynamometers, absorption, 64—71 
Dyn/imometers, transmission, 71 — 77 
Dynamometers, examples on, 77 
Dynamo bearings, lengtlis of, 124 
Economy in conductors (electric), 165 
Efficiency of machines, 20 ; of gas 

engines, 181 ; of petroleum engine, 

184 ; of steam engine, 169 
Elastic stress or limit, 82 

„ stresses, table of, 85 
Energy, calculations relating to, 13 : 

mechanical, 13 ; units of, 42 ; 

kinetic, law for, 43 ; of rotating 

bodies, 50 
Enler's rule for strength of struts, 

132 
Evaporation in steam engine cylinder, 

rate of, 174; curve for above, ISO 
Factors of safety, 85 
Falling bodies, laws of, 40 
Fans, pressure produced by and speed 

of, 196 
Flow of water in pipes, 161 

„ air (adiabatic), 195 
Forces, at one point, conditions of 

equilibrium of, 6 
Forces, composition and resolution of, 

2 (et seq.) 
Forces, not at one point, resolution 

of, 134 
Forces, law of moments of, 22 
Formulae, Dr. Lodge's rational method 

for, 14 
Froude's (Thomycroft's) dynamo- 
meter, 76 
Gas engine, 180 
Governors, centrifugal, 187 
Governors, centrifugal, explanation of 

examples on, 191 
Governors, Hartnell's, 190 
Graphic condition of equilibrium of 

forces, &c., 6, 133 
Graphical statics, 133 
Heat reception curve (steam engine), 

180 
Heat valne of 1 lb. of coal, 35, 169 ; of 

1 cubic foot of coal gas, 180 ; of 

1 cubic foot of Dowson's gas, 182 ; 

of 1 lb. of petroleum oil, 184 
Hefner-Alteneck's dynamometer, 74 
Hydraulics, 157 

Hydraulic crane, efficiency of, 160 
Hydraulic and electric transmission 

of power, 164 
Hydraulic jack or press, 17 
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Hydraulic machinery, examples, 159 
Hydraulic }>ower mains, economli:^ 

design of, 166 
Kinetic energy of rotating bodies, dO 
Law of a curve, liow to And, 11 
Law of a machine, 11, 20 
Link-polygon explained, 13.*) 
Logaritlinis four- figure, table of, 202 
" M " of fly-wheel, 60 
Materials, weights of per unit volume, 

198 
Mechanical advantage of machines 

(hypothetical), 17 
Mechanical advantage of machines 

(real), 18 
Mechanical equivalent of heat, 85, 49, 

169 
Moduli of elasticity, table of, 81 
Moduli of elasticity, connection be- 
tween, 89 
Momentum, definition &c., 42 
Moments of inertia, of fly-wheels, 51 ; 

table of (areas), 103 ; about line 

not through centre of area, 115 ; 

(of solids), 198 ; found from time 

of vibration, 153 
Otto gas engine, 182 
Overhung crank, strength of, 122 
Parallelogram of forces, 2 
Pai-allel forces, equilibiium of, 25 
Pen-y's rule for strenjfth of struts, 182 
Petroleum engine, efficiency and cost 

of power by, 184 
Pitch, of wheel teeth, 116 

„ of riveted joint*, 128 
Plotting curves, method explained, 8 

,, „ from given laws, 11 

„ ,, from given numbers, 12 

Power, indicated, of engines, 33. 170 ; 

for traction, 86 ; units of, 28, 48 ; 

of waterfalls, 29; torque for^(>4» 97 
P(twer, waste of in hydraulic mains, 

104 ; waste of in electric conduc- 
tor, 165 
Pressure energy (hydraulics), 158 
Pressure in terms of head (hydraulic), 

159, 194 
Pressure in air due to height, 194 
Prony brake, 65 
RafTard's dynamometer, 67 
Rail, elevation, of outer on curve 

(Rankine's rule), 190 
Resultant of forces, &c., how to find, 

2, 133 
Riveted joints, strength of, 125 
Riveted joints, rules and table of 

constants, 127 
Riveted Joints, examples on, 129 
Roof-trass, graphic method for forces 

in, 186 
Rotational motion, laws of, 154 
Bafety-valve, example of equilibrium 

of forces on, 27 
Scalar quantities, definition of, 1 



Screw-jack (with worm-wheel), 16 
Screw-jack, common form, velocity- 
ratio of, 17 
Simple harmonic motion, 150 
Sines, &c., of angles, table of, 206 
Smith's dynamometer, 73 
Shafts, cylindric, rules for, 96, 97, 99 
Shafts, examples on strength and 

stiffness of, 99 
Shafts, non-cylindric, relative values, 

98 
Speed cones, to design, 60 
Spiu'-wheels, pitch, velocity ratio, 

&c.,of, 115 
Spiral springs, strength and stiflhess 

of, 143 
Springs, carriage, 148 
Squared paper, use of explained, 8 
Steam engine, examples on, 169 
Strength of materials (descriptive), 79 
Strength of wheel teeth, 115 
Strength-moduli of sections (beams), 

103 
Stresses, ultimate and elastic, 85 
Stress and strain, examples, 88 
Strut, rulefc for strength of, 130 
Tangents, &o., of angles, table of, 206 
Tensile strength of materials (table). 

85 
Tension combined with shear. 118 
Testing machines (100-ton Wicksteed;, 

83 
Thermodynamics, some rules and ex- 
amples on, 198 
Thomson's V-shaped weir gauge, 29 
Toothed-wheels, rales for velocity- 
ratio, strength, &c., of, 115 
Twisting and bending, combination 

of, 117 
Units, of force, &c., explained, 41 

„ ,, „ comparison of, 47 
Vector quantities, definition of, 1 
Vector quantities, summation of ex 

plained, 2 (et seq.) 
Velocity ratios of machines, 17 
Velocity, laws of uniform, 38 
„ of falling bodies, 40 
Velocity due to height (hydraulics), 100 
Volumes of sphere, cone, &c., 197 
Warren girder, example, 140 
Weighbridge, exam pies of forces on, 2^ 
Weights of materials, 198 
Weir-gauge, Professor James Thom- 
son's, 29 
Weir-gauge, rectangular, 29 
Wheel- teeth, strength of, 116 

,, pitch of, 116 

Work, law of, 13 
„ examples ou, 13 
„ units of, 42 
Young's modulus of elasticity, 80, 81 
Zeuner's valve diagram, 176 
Zeuner's value of k for adiahatlc ex- 
pansion (steam engine), 176 
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Breech-Loader, The, and How to Use It. By W. W. Greener. 

Illustrated. New and enlarged edition, as. 6d. 
Britain's Roll of Glory ; or, the Victoria Cross, its Heroes, and 

their Valour. By D. H. Parry. Illustrated. 7s. 6d. 
British Ballads. With Several Hundred Original Illustrations. Complete 

in Two Vols., cloth, 15s. Half morocco, price on application. 
British Battles on Land and Sea. By James Grant. With about 

600 Illustrations. Four Vols., 4to, £x x6s.; Library Edition, £2. 
Butterflies and Moths, European. With 61 Coloured Plates. 353. 
Canaries and Cage-Birds, The Illustrated Book of. With 56 Fac- 
simile Coloured Plates, 35s. Half>morocco, £a 5s. 
Captain Horn, The Adventures of. By Frank Stockton. 6s. 
Capture of the "Estrella," The. A Tale of the Slave Trade. By 

Commander Claude Harding, R.N. 5s. 
Casssll's Family Magazine. Yearly Vol. Illustrated. 7s. 6d. 
Cathedrals, Abbeys, and Churches of England and Wales. 

Descriptive, Historical, Pictorial. Popular Edition, Two Vols. ass. 
Cats and Kittens. By Hbnribtte Ronnbr. With Portrait and 13 

Full-page Photogravure Plates and numerous Illustrations. £1 as. 
Chums. The Illustrated Paper for Boys. Yearly Volume, Ss. 
Cities of the World. Four Vols. Illustrated. 7s. 6d. each. 
Civil Service, Guide to Employment in the. Entirely New Edition 

Paper, xs. Cloth, is. 6d. 
Clinical Manuals for Practitioners and Students ot Medicine. A 

List of Volumes forwarded post free on application to the Publishers. 
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Colour. By Prof. A. H. Church. With Coloured Plat«. 38. 6d. 
Commons and Forests, Enrlisb. By the Rt Hon. G. Shaw Lefevre, 

M.P. With Maps. lot 6d. ^ . e ..,- 

Cook, The Thorough Good. By George Augustus Sala. axs. 
Cookery, A Year's. By Phyllis Browne. 38. 6d. 
Cookery Book, CasselFs New Universal. By Lizzie Heritage. 

With 12 Coloured Plates and other Illustrations. Strongly bound m 

Half-leather. 1,344 pages. 6s. 
Cookery, Casseli's Shilling. xioM Thousand, xs. 
Cookery, Vegetarian. By A. G. Payne, is. 6d. 
Cooking by Gas, The Art of. By Marie J. Sugg. Illustrated, as. 
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Cheap Edition. Profusely Illustrated. Vol. I., 68. 
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about 600 Illustrations. Clieap Edition. 7s. 6d. 
CydopKdia. Casseli's Miniature. Containing 30,000 subjects. Cloth, 
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David Balfour, The Adventures of. By R. I.. Stevenson. IUus- 

tratcd. Two Vols. 68. each. • 

Part X.— Kidnapped. Part 9.— Catriona. 

Defoe, Daniel, The Life of. By Thomas Wright. Illustrated, axs. 
Diet and Cookery for Common Ailments. By a Fellow of the Royal 

College of Physicians, and Phyllis Browne. 58. 
Dog, Illustrated Book of the. By Vero Shaw, B.A. With a8 Coloured 

Plates. Cloth bevelled, 358. ; half-morocco, 458. 
Domestic Dictionary, The. Illustrated. Cloth, 7s. 6d. 
Dor6 Bible, The. With soo Full-paee Illustrations by Dor£. 158. 
Dor* Don Quixote, The. With about 400 Illustrations \y Gustave 

Dor A. Cktap Edition. Bevelled boards, gilt edges, xos. od. 
Dortf Gallery, The. With 950 Illustrations by Dor£. 4to, 428. 
DorA's Dante's Inferno. Illustrated by Gustave Dor6. With Preface 

by A. J. Butler. Cloth gilt or buckram, 78. 6d. 
Dor^^s Dante's Purgatory and Paradise. Illustrated by Gustave 

Dor A. Cheap Edition. 7s. 6d. 
Dora's Milton's Paradise Lost. Illustrated by DoRit 410, axs. Popular 

Edition. Cloth gilt or buckram gilt, 7s. 6d. 
Dorset, Old. Chapters in the History of the County. By H. J. Moule, 

M.A. los. 6d. 
Dressmaking, Modern, The Elements of. By J. £. Davis. Illd. ss. 
Earth. Our, and its Story. By Dr. Robert Brown, F.L.S. With 

Coloured Plates and numerous Wood Engravings. Three Vols. 9s. each. 
Edinburgh, Old and New. With 600 Illustrations. Three Vols. 9s. each. 

Egypt: Descriptive, Historical, and Picturesque. By Prof. G. Ebbrs. 

with 800 Original Engravings. Popular Edition. In Two Vob. 4as. 
Electric Current, The. How Produced and How Used. By R. 

Mullinsux Walmslry, D.Sc^ etc Illustrated, xos. 6d. 
Electricity in the Service of Man. Illustrated. Ntw and Revistd 

Edition^ xos. 6d. 
Electricity, Practical. By Prof. W. E. Avrton. */%. 6d. 
Encyclopedic Dictionary. The. In Fourteen Divisional Vols., xos.6d. 
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England, Casseli's Illustrated History of. With upwards of s,ooo 
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The avbngbr op Blood. By J. 
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THE Man in Black. By Stanley 
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A Blot of Ink. Tranclated by Q. 

and PAUL M. Franckb. 
The Medicine Lady. By L. T. 
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Out of the Jaws of death. By 

Frank Barrbtt. 



English Dictionary, Cassell's. Giving definitions of more than 100,000 
Words and Phrases. Superior Edition^ 5s. Chea^ Edition^ 38. 6d. 

English Literature, Library of. By Prof. Henry Morley. Complete 
m Five Vols., 78. 6d. each. 

English Literature, The Dictionary of. By W. Davenport Adams. 
Cheap Edition^ 7s. 61. 

English Literature, Morley's First Sketch of. Revised Edition, 78. 6d. 

English Literature, The Story of. By Anna Buckland. 3s. 6d. 
English Writers. By Prof. Henry Morley. Vols. I. to XL 5s. each. 
Etiouette of Good Society. Nem Edition. Edited and Revised by 

Lady Colin Campbell, xs. ; cloth, is. 6d. 
Fairway Island. By Horace Hutchinson. Cheap Edition, 3s. 6d. 
Fairy Tales Par and Near. Re-told by Q. Illustrated. 3s. 6d. 
Fiction, Cassell's Popular Library of. 38. 6d. each. 

THE Snare of the Fowler. By 

Mrs. Alexander. 
"La Bella" and Others. By 

EGBRTON CASTLB. 

LEONA. By Mrs. MOLBSWORTH. 
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FATHER STAFFORD. By ANTHONY 
HOPE. 

Dr. DumXny's Wife. By Maurus 
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The DOINGS OP Raffles Haw. By 
CONAN Doyle. 

Field Naturalist's Handbook, The. By the Revs. J. G. Wood and 

Theodore Wood. Cheap Edition. 3s. 6d. 
Figuier's Popular Scientific VS^orks. With Several Hundred lUustrS' 
tions in each. Newly Revised and Corrected. 3s. 6d. each. 
The Human Race. Mammalia. Ocean World. 

The Insect World. Reptiles and Birds. 

World beforb the Deluge. The Vegetable World. 

Flora's Feast. A Masque of Flowers. Penned and Pictured by Walter 
Crane. With 40 Paees in Colours, cs. 

Football, The Rugby union Game. Edited by Rby. F. Marshall. 
Illustrated. New and Eniatved Edition. 7s. 6d. 

For Glory and Renovirn. By D. H. Parry. Illustrated. 5s. 

France, From the Memoirs of a Minister of. By Stani.by Weyman. 
6s. 

Franco-German War, Cassell's History of the. Complete in Two 
Vols. Containina about 500 Illustrations, gs. each. 

Free Lance in a Far Land, A. By Herbert Compton. 6s. 

Garden Flowers, Familiar. By Shirley Hieberd. With Coloured 
Plates by F. £. HuLME, F.L.S. Complete in Five Series. Z3s.6d.each. 

Gardening, Cassell's Popular. Illustrated. Four Vols. 5s. each. 

Gazetteer ol Great Britain and Ireland, Cassell's. Illustrated. 
Vols. I. and II. 78. 6d. each. 

Gladstone, William Ewart, The People's Life of. Illustrated, xs. 

Gleanings from Popular Authors. Two Vols. With Original Illus- 
trations 4to, OS. each. Two Vols, in One, xss. 

Gulliver's Travels. With 88 Engravings by Morten. Cheap Edition. 
Cloth, 3s. 6d. ; cloth gilt, 5s. 

Gun and its Development, The. By W. W. Greener. With 500 
Illustrations. los. 6d. 

Heavens, The Story of the. By Sir Robert Stawell Ball, LL.D., 
F.R.S., F.R.A.S. With Coloured Plates. Popular Edition. Z2s.6d. 

Heroes of Britain in Peace and War. With 300 Original Illus- 
trations. Two Vols., 38. 6d. each ; or One Vol., 78. 6d. 

Highv«ray of Sorrow, The, By Hesba Stretton and  (m. 
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Hispaniola Plate (1683-1893). By John Bloundellb-Burton. 6s. 

Historic Houses ofthe United Kingdom. Profusely Illustrated, xos. 6d. 

History, A Foot-note to. Eight Years of Trouble in Samoa. By 
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lated from the Dutch by Clara Bell . With Photogtavure Frontis- 
piece^ XI Exquisite Collotypes, and several full page and other engrav- 
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Houghton, Lord : The Life, Letters, and Friendships of Richard 
Monckton Milnes, First Lord Houghton. By Sir Wbmyss 
Reid. In Two Vols., with Two Portraits. 328. 
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Kennel Guide, The Practical. By Dr. Gordon Stables, is. 
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Revised and Enlarged. 35. 6d. 

^*^y Biddy Fane, The Admirable. By Frank Barrett. New 
Edition. With 12 Full-page Illustrations. 6s. 

Lady's Dressing-room, The. Translated from the French of Baroness 
Staffb by Lady Colin Campbell. 3s. 6d. 

Letters, the Highway of, and its Echoes of Famous Footsteps. 
By Thomas Archer. Illustrated, xos. 6d. 
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'Lisbeth. A Novel. By Leslie Kbith. 6s. 

List, ye Landsmen ! By W. Clark Russell. 6s. 

Little Minister, The. By T. M. Barrie. Illustrated Edition. 68. 

Little Squire, The. By Airs. Henry de la Pasture. 3s. 6d. 

Llollandllaff Legends, The. By Louis Llollandllaff. is. ; cloth, as. 
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Locomotive Engine, The Biography of a. By Hknry Frith. 3s. 6d. 
Loftus, Lord Augfustus, The Diplomatic Reminiscences of. Firat 
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London, Greater. By Edward Walford. Two Vols. With about 

400 Illustrations, gs. each. 
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Illustrations and Maps. Cloth, gs. each. 
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Peoples of the World, The. In Six Vols. By Dr. Robert Brown. 

Illustrated. 7s. 6d. each. 
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Picturesque Mediterranean, The. With Magnificent Original Illustrations 
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Pigeon Keeper, The Practical. By Lewis Wright. Illustrated. 3s. 6d. 
Pigeons, Fulton's Book of. Edited by Lewis Wright. Revised, 
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Full page Illustrations. Popular Edition. In One Vol., xos. 6d. 
Planet, The Story of Our. By T. G. Bonney, D.Sc, LL.D., F.R.S., 

F.S.A., F.G.S. With Coloured Plates and Maps and about loo 

Illustrations. 31s. 6d. 
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Poultry Keeper, The Practical. By L. Wright. Illustrated. 38. 6d. 
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Prison Princess, A. By Major Arthur Griffiths. 6s. 
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Pages of Designs in Colours by Walter Crane. 6s. 

Queen, The People's Life of uieir. By Rev. E. J. Hardy, M. A. is. 

Queen Victoria, The Life and Times of. By Robert Wilson. Com- 
plete in Two Vols. With numerous Illustrations, oa. each. 

Queen's Scarlet, The. By G. Manvillb Fbnn. Illustrated. 5s. 

Rabbit- Keeper, The Practical. By Cuniculus. Illustrated. 3s. 6d. 
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Paper covers, 3d. each. 
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Railway Library, Cassell's. Crown 8vo, boards, as. each. {A List 0/ 

Iht Vols. post freg on. application.) 
Red Terror, The. A Story of the Paris Commune. By Edward King. 

Illustrated. 38. 6d. 
Rivers of Great Britain: Descriptive, Historical, Pictorial. 

The Royal River : The Thames, from Source to Sea. 166. 

Rivers of the East Coast. Popular Edition^ i6s. 
Robinson Crusoe, Cassell's New Fine>Art Edition of. 78. 6d. 
Romance, The World of. Illustrated. Qoth, gs. 
Royal Academy Pictures, 1895. With upwards of aoo ma(:mficent 

reproductions of Pictures in the Royal Academy of 1895. 78. 6d. 
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Sala, George Aurustus, The Life and Adventures of. By Himsd£ 
In Two Vols., demy 8vo, cloth, aas. 
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John Dalton and the Rise of Modem Chemistry. By Sir Henry E. 
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Mi^or Benneli, F.B.S., and the Bisa of English Gteoflrapby. By 
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Society. 

Justus Von Liebiff : His Life and Work. By W. A. Shenstonr. F.I C. 

'1 he Herschels and Modem Astronomy. By Miss Agnes M. Clerks. 

Charles Lyell : His Lite and Worlc. By Professor T. G. Bonnev, F. K.S. 

Science for All. Edited by Dr. Robert Brown. Five Vols. gs. each. 
Scotland, Picturesque and Traditional. A Pilgrimage with Staff 

and Knapsack. By G. £. £yrs*Todd. 6s. 
Sea, The Story of the. An Entirely New and Origital Work. Edited 

by Q. Illustrated. Vol. I. gt. 
Bea Vy^olves, The. By Max Pembbrton. Illustrated. 6s. 
Shadow of a Sone, The. A Novel. By Cecil Harlby. 5s. 
Shaftesburv, The Seventh Earl of, K.G., The Life and Work of. By 

Edwin Mdddbr. Cheap Edition. 3s. 6d. 
Shakespeare, The Plays of. Editedf by Professor Henry Morlsy. 

Complete in Thirteen Vols., cloth, axs. ; half-morocco, cloth sides, 435. 
Shakespeare, Cassell's Quarto Edition. Containing about 600 Illus- 
trations by H. C. Selous. Complete in Three Vols., cloth gilt, £3 3s. 
Shakespeare, The England of. New Edition. By E. Goadby. With 

Full-pace Illustrations, as. 6d. 
Shakspere s Works. Edition de Luxe, 

"Kin^ Henry VIII." Illustrated by Sir James Linton, P.R.I. 
{Price OH application.) 

"Othello." Illustrated by Frank DiCKSEB, R. A. £3 zos. 

" Kine Henry IV." Illustrated by Eduard GkOtzner. £3 xos. 

"As You Like It." Illustrated by Emilb Bayard. £3 zos. 
Shakspere, The Leopold. With 400 Illustrations. Cheap Edition, 

3s. 6d. Cloth gilt, gilt edges, 5s. ; Roxburgh, 78. 6d. 
Shakspere, The Royal. With Steel Plates and Wood Engravings. 

Three Vols. 158. each. 
Sketches, The Art of Making and Using. From the French of 

G. Fraipont. By Clara Bell. With 50 Illustrations, as. 6d. 
Smuggling Days and Smuggling Ways. By Commander the Hon. 

Henry N. Shore, R.N. With numerous Illustrations. 78. 6d. 
Social England. A Record of the Progress of the People. By various 

writers. Edited by H. D.Traill, D.CL. Vols. I., II., & III., Z5S. each. 

Vol. IV., Z7S. 

Social Welfare, Subjects of. By Rt. Hon. Lord Playfair, K.C. B. 7s.6d. 
Sports and Pastimes, Cassell's Complete Book of. Cheap Edition, 

With more than qoo Illustrations. Medium 8vo, 992 pages, cloth, 3s. 6d. 
Squire, The. By Mrs. Parr. Popular Edition. 6s. 
Standisha of High Acre, The. A Novel. By Gilbert Sheldon. 

Two Vols. azs. 
Star-Land. By Sir R. S. Ball, LL.D., &c. Illustrated. 6s. 
Statesmen, Past and Future. 6s. 

Story of Francis Cludde, The. By Stanley J. Weyman. 6s. 
Story Poems. For Young and Old. Edited by E. Davenport. 3s. 6d. 
Sun, The. By Sir Robert StawblL Ball, LL.D., F.R.S., F.R.A.S. 

With Eight Coloured Plates and other Illustrations, ais. 
Sunshine Series, Cassell's. xs.«ach. 
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Thackeray in America, With. By Eyre Crowe, A.R.A. 111. los. 6d. 
The ** Treasure Island" Series. Illustrated Edition, 3s. 6d. each. 
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Louis Stevenson. 
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Things I have Seen and People I have Known. By G. A. Sala. 

with Portrait and Autograph. 2 Vols. ais. 
Tidal Thames, The. By Gkant Allen. With India Proof Impres- 
sions of Tv/cnty magnificent Full-page Photogravure Plates, and with 
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